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To Eeva and Henrik 
When you wish upon a star, 
Makes no difference who you are. 
Anything your heart desires will come to you. 
If your heart is in your dream, 
No request is too extreme, 
When you wish upon a star as dreamers do. 
(Ned Washington 1940) 
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ABSTRACT 
The studies described were directed towards clarifying 
some toxicological and biological effects of dietary xylitol 
reported in the`` literature. 
0. 
Two strains of both rats and mice were used as 
experimental models. Young rats of Wistar albino and Sprague 
Dawley strain and mice of CD-1 and NMRI strain were treated 
with xylitol for varying time periods. Human volunteers were 
given single oral doses of xylitol either as xylitol drinks 
or incorporated in to test meals. 
Both strains of rats and mice were found capable of 
adapting to 20 % dietary xylitol, normally causing 
distress to the animals. The adaptation appeared to involve 
changes in the ability of the gastrointestinal microflora to 
utilise xylitol as a carbon source and also selection of 
microorganism capable of metabolising xylitol. The results 
indicated that xylitol utilising microbes would be of 
anaerobic and Gram positive nature. The total numbers of 
aerobic and anaerobic microbes were not changed. Qualitative 
changes of the intestinal microflora were also seen in the 
faecal specimens of the human volunteers. 
In an acute toxicity study on mice the oral LD50 values 
were found to be about 22 g/kg. 
In subchronic feeding studies on rat the major 
observations were the increased urinary, calcium excretion ana 
caecal enlargement. Caecal enlargement was reversible and 
considered a form of physiological adaptation to large 
amounts of xylitol entering the caecum. Xylitöl at 20 % 
dietary level did not affect the reproductive function of 
NNRI mice. 
ii 
In both CD-1 and NMRI mice xylitol feeding was found to 
increase the absorption and urinary excretion of orally 
administered oxalic acid. This observation was not made in rats 
and therefore, the increased absorption of-oxalic acid in 
mice may explain the formation of calcium oxalate bladder 
calculi observed in long term toxicity studies using mice. 
In hormonal studies xylitol did not stimulate the 
secretion of GIP in human volunteers or rats. However, in 
humans oral xylitol decreased gastric emptying 
simultaneously increasing intestinal transit and stimulating 
motilin release. In Sprague Dawley rats the effect of xylitol 
on gastric emptying was related to adaptation. 
The results appear to support the safety of small 
xylitol doses. However, inclusion of higher amounts of xylitol 
into the diet should be viewed cautiously until all the major 
effects of xylitol have been carefully investigated. 
iii 
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CHAPTER I 
INTRODUCTION 
2 
1.1 THE RATIONALE FOR XYLITOL 
Xylitol is a pentahydric sugar alcohol (1,2,3,4,5- 
pentahydroxypentane) which occurs in nature in many fruits 
and berries and vegetables (Washüttl et al. 1973). The 
structure of xylitol is shown in figure 1.1. Commercially 
xylitol is produced by acid hydrolysis of plant material. The 
resulting D-xylose is hydrogenated to xylitol which is then 
purified and crystallized (Aminoff et al. 1978). Primary 
interest in xylitol centres on its properties and potential 
uses as a sugar substitute. At room temperature xylitol is 
equally as sweet as sucrose and the calorific content of 
xylitol is also the same as that of sucrose. Thus, relative 
to level of sweetness xylitol has half the calories of 
sorbitol and one third the calories of mannitol. When eaten 
in solid or crystalline form xylitol gives a cool sensation 
due to its high (36.6 cal/g) endothermic heat of solution 
(Aminoff et al. 1978). The physical properties of xylitol are 
summarized in table 1.1. 
The most significant characteristic of xylitol is the 
fact that it is not utilized by. the acid-producing, 
cariogenic bacteria of the human oral cavity. Xylitol is thus 
the first naturally occurring non-acidogenic sweetener which 
has been demonstrated by long-term clinical trials to be non- 
cariogenic (Frostell, 1978; Gehring 1978; Scheinin 1978; 
"Mäkinen 1978; Scheinin and 
Mäkinen 1975). Based on the non- 
cariogenic properties the major application of xylitol in 
food industry has been as, a sugar substitute. in chewing gum 
and sticky candies. In addition, xylitol is used as a 
sweetener in diabetic foods in the Soviet Union and in the 
German speaking countries (Nesterin 1980; Förster 1978). Some 
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Figure-1.1. Molecular structure of xylitol compared to that 
"of sorbitol. 
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Table 1.1. Physical and chemical properties of xylitol 
Appearance: 
Odour: 
Relative sweetness: 
Solubility: 
Solution test (10 
aqueous): 
Viscosity of 60 Yo, 
solution: 
Melting range: 
Boiling point: 
Decomposition point: 
Heat of solution: 
Physical combustion 
value: 
pH of a5% aqueous 
solution: 
Density: 
Humidity (20°C/60 % 
r. h. ): 
Hygroscopicity: 
White, crystalline powder 
None 
Equal to sucrose, greater than 
sorbitol 
168 g/100 g H2O = 63" g/100 g 
solution at 20°C 
Clear and complete 
I 
20.63 cps 
92-96°C 
216°C 
Unknown 
Caramelization takes place only if 
heated for several minutes near the 
boiling point. The result is a light 
brown melt which re-crystallizes 
after cooling. At about 120°C, no 
caramelization takes place. 
34.8 cal/g (= cooling effect) 
4.06 kcal/g (equal to sucrose) 
5-7 
1.50 
Approximately 0.5 % 
In high relative humidity, xylitol 
is more hygroscopic than sucrose but 
less so than sorbitol. 
5 
applications are also found in parenteral infusion solutions 
(Nesterin 1980, Förster 1978). 
1.2 ABSORPTION AND METABOLISM OF XYLITOL 
1.2.1 Absorption 
Xylitol is a highly hydrophilic substance which, because 
of its molecular weight, cannot be absorbed quickly through 
the intestinal lumen. For xylitol, no indication of the 
presence of transport mechanisms has been established to date 
(Förster 1978). Therefore, the absorption of xylitol as well 
as of other polyols (sorbitol and mannitol) is thought to take 
place exclusively by means of free diffusion or by way of 
transport mechanisms not yet discovered. 
In animal experiments Bässler et al. (1966) established 
that an adaptation to large doses of xylitol occurred. Rats 
and mice were able to tolerate significantly greater amounts 
of xylitol when xylitol was gradually. introduced in their., 
diets by stepwise increments of up to 20-30 % in the diet.,. -. 
The adaptation was originally thought to be caused, by the 
induction of xylitol dehydrogenases in the liver under 
constant xylitol load. Thus, a more rapid, conversion of 
absorbed xylitol in the liver would be achieved (Lang 1971;, 
Bässler et al. 1966).,, However, some investigators have since 
suggested that xylitol may be partly metabolised by the gut 
flora or that other adaptive mechanisms may be involved 
(Förster 1978; Mäkinen 1978). 
1.2.2 Metabolism of xylitol 
Approximately 80 % of administered and absorbed xylitol 
is metabolised by the liver and, the liver cells are well 
6 
permeable to xylitol (Proesch and Jakob 1974). About 20 % is 
metabolized by extrahepatic tissues, mainly by the kidney and 
erythrocytes. Ingested and absorbed xylitol enters the 
(' 
glucuronate-xylulose pathway where it is first dehydrogenated 
to D-xylulose., D-xylulose is then phosphorylated to D-xylulose 
5-phosphate which enters the pentose phosphate pathway 
(Touster 1974; Horecker 1969). Reversible reactions of the 
pentose phosphate pathway using transaldolases and 
transketolases lead to the formation of fructose 6-phosphate 
and glyceraldehyde 3-phosphate thereby linking the pentose 
phosphate pathway with glycolysis and gluconeogenesis 
(Demetrakopoulos and Amos 1978). Transaldolases and 
transketolases catalyse the formation of two hexoses and one 
triose from three pentoses., Hauschild et al. (1976) indicated 
that overloading transaldolaseµand transketolase reactions 
may'lead to formation of erythronic and threonic acids. These 
tetronic acids, however, are readily excreted in the urine. 
Touster and Shaw (1962) proved that three molecules of xylitol 
produce two molecules of fructose 6-phosphate and one molecule 
of glyceraldehyde 3-phosphate. Fructose 6-phosphate is then 
converted into glucose or glycogen or it may be metabolised 
to lactate (Froesch and Jakob 1974) or it may be completely 
oxidized (Bässler 1978). However, mostly xylitol is converted 
to glucose by these mechanisms and only small amounts are 
metabolised to lactate and glycogen, (Mäkinen 1978; Froesch 
and Jakob 1974; Förster 1974; Jakob et al. 1971). An outline 
of the metabolism of xylitol is shown in figure . 1.2. For 
comparison, also sorbitol and mannitol are included., 
7 
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Figure 1.2. The metabolism of xylitol and the connection between 
glucose and xylitol metabolism. 
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1.2.3 The significance of gut flora in the Metabolism of 
xylitol 
Since xylitol is very water soluble and is thought to be 
absorbed by passive diffusion large amounts are likely to 
reach the region of the large intestine when large xylitol 
doses are given. Therefore, microbial metabolism of xylitol 
may occur. It has been shown that pure cultures of gut 
commensals do not metabolise or grow on xylitol. In contrast, 
rat caecal contents are able to metabolise xylitol to carbon 
dioxide. This ability increases when xylitol is included in 
the diet of rats for some days (Rofe'et al. 1980). -Since an 
adaptive increase in xylitol absorption also occurs (Lang 
1969) it was suggested that adaptation of intestinal microbes 
to utilise xylitol may be involved (Förster 1978). However, 
Mäkinen and Scheinin (1975) indicated that oral microorganisms 
cannot utilise or adapt to utilise or adapt to utilise xylitol. 
Other workers have confirmed the result (Frostell 1978; 
Gehring 1978). Dubach et al. (1973) studied the effect of 
xylitol on faecal flora in humans. An influence on the 
quantitatively most important stool bacteria could not be 
proven. Some facultatively pathogenic organisms were observed 
to decrease numerically. In summary it must be said that 
little is known about the effects of xylitol on 
gastrointestinal microbes at present.. 
1.3. TOXICOLOGICAL EVALUATION 0F XYLITOL 
1.3.1 Acute toxicity of xylitol 
Studies on, the acute toxicity of xylitol are summarized 
in table 1.2. In general, the LD50 values of xylitol are of 
the same order as those for other common sugars, eg. glucose. 
9 
Studies with human volunteers have indicated no other signs, - 
of acute toxicity than transient diarrhoea in some cases after 
initial doses of over 30 g of xylitol (Scheinin and Mäkinen 
1975). Asano et al. (1973,1972) studied the oral tolerance 
to xylitol by adults and also found no adverse effects during 
administration of doses varying from 5-30 g. 
Intravenously administered xylitol has been shown to be 
toxic in the rabbit (Wang et al. 1973,1972). The toxicity was 
dose related and its extent depended on the achieved osmolality 
of the serum and the total dose. A safe intravenous dose for 
the rabbit is up to a blood level of 50 mg %, which could be 
achieved by a total dose of 1-2 g/kg/day (Van Eys et al. 1974). 
Newborn rabbits, however, have a much better tolerance for 
xylitol. Serum concentrations as high as 365 mg % are well 
tolerated (Van"Eys et al. 1974). Oral xylitol is also well 
tolerated by the rabbit and other species. The difference 
between the toxicities of intravenous and oral xylitol is 
likely to be due to the 'lack of an immediate large serum 
osmolality increase after oral xylitol doses. 
10 
Table 1.2. A summary of the acute toxicity studies on xylitol 
Animal Route LD50. 
mg/kg b. w. 
Reference 
mouse iv 22200 
mouse ip, 22 200 
mouse iv -3 770a 
mouse iv 9 450b 
mouse oral 25 700 
mouse oral 12 500 
mouse oral 22 000 
rat oral- 14 100 
rat oral 17 300 
rabbit oral 25 000 
rabbit iv 4 000-C 
6 000 
rabbit iv 26 0004 
Lang 1971 
Kieckebuch et al. 1961. 
Kryshen 1971 
Kryshen 1971 
Lang 1971 
Nesterin 1980. 
Pool & Hane 1972 
Bächtold 1972 
Nesterin 1980 
Nesterin 1980 
Wang et al. 1973 
Igarashi et al. 1972 
a rapid infusion rate (5 s, 40 % xylitol solution) 
b 
slow infusion rate (2 min,. 40 % xylitol solution) 
a 25 % xylitol solution used 
da5% 
xylitol solution used 
11 
1.3.2 Subacute and subchronic toxicity of xylitol 
Kieckebuch et al. (1961) found 10 and 30 % xylitol diets 
to be well tolerated by rats. No effect on weight gain, 
fertility, or histology of the-liver, kidneys and heart were 
1- 
recorded. A 50 % xylitol diet was (about 37.5 g xylitol/kg 
body weight/day) found lethal in 1-2 weeks. Foglia et al. 
(1963) studied the effects of xylitol on diabetic and normal 
rats. When 5 mg xylitol/kg body weight was administered no 
effects on fasting blood sugar, glucose tolerance or 
pancreatic histology were found. No adverse effects were 
observed during a 30-day treatment. Ninety days of xylitol 
administration (1.73 g/kg by gastric gavage) reduced the 
working capacity of rats and shortened sleep was also revealed. 
In reduced doses (0.5 g/kg) no changes were recorded during 
55 days. The oestrous cycles in females and spermatogenesis 
in males were normal (Plitman 1971). Toxicological tests in 
rats and, dogs showed that in animals fed xylitol containing 
diets (doses 3.7-5.0 g/kg body weight) no signs of 
intoxication were observed. The general status and the 
behaviour of the animals were not changed when compared to 
control animals (Nesterin 1980). Hosoya and Itoyo (1969) 
studied the effects of diets containing 20 % xylitol on rats. 
During a treatment of four months growth was normal in rats 
gradually adapted to xylitol diets. Reproduction and ldctation 
were normal and pup growth was normal when the pups were 
adapted to xylitol. 
Swarm and Banziger (1970) studied the effects of 
thirteen week oral feeding of xylitol on rats. The conclusion 
was that rats fed xylitol as a dietary admix at levels of 5, 
10 and 20 g/kg/day (sixteen rats in each group) for thirteen 
12 
weeks tolerated xylitol well. Only slight, transient 
diarrhoea and slightly reduced weight gains were observed at 
the highest dose levels. Haematological studies, blood 
glucoses and urinanalyses at 4,8 and 12 weeks and serum 
clinical chemistry at 13 weeks were normal. Autopsies failed 
to demonstrate any lesions related to administered xylitol. 
Banziger (1970) repeated the 13 week study using monkeys 
and administering. xylitol by gastric intubation in doses of 
1,3 and 5 g/kg/day for six days every week. Soft stools and 
transient diarrhoea were intially present among the. animals 
in the high xylitol dose group. No compound related effects 
were observed in behaviour, appetite, body weight, ophthalmic 
and neurologic examinations. Clinical parameters, organ 
weights and gross and microscopic pathology were normal in all 
animals. Truhaut et al. (1977) investigated the subacute 
toxicity of xylitol in rats. OFA rats of Sprague Dawley 
origin were intubated with xylitol at levels ranging from 
1.25 g/kg to 10 g/kg'for 14'days. There were no signs of 
toxicity during the treatment. The serum biochemistry of the 
treated rats was found to be practically identical to that of 
the groups receiving sucrose as reference material and not 
significantly different from the control group. SAP and serum 
bilirubin were within the normal limits and not significantly 
different from-controls. The lack of effects. shown in serum 
biochemistry was supported by histological studies where no 
significant'anomalities were observed when sections of'liver 
and other organs were examined. 
13 
1.3.3 Long-term toxicity studies on xylitol 
/I 
Three long-term studies with xylitol have been 
conducted using mice, rats and beagle dogs as experimental 
animals. 
A long-term carcinogenicity study on xylitol in mice 
(covering the entire life-span of the animals) was conducted 
by Hunter et al. (1978 a). A total of 100 male and 100 female 
mice were included in each dosage group. Dosage levels of 0, 
2,10 and 20 % xylitol in the diet were used and, for 
comparison, an additional group receiving 20 % sucrose in the 
diet was included. 
There were no significant, treatment related,. 
differences in the food consumption, weight gain or the 
general well being of the animals. Macroscopic examination at 
autopsy among animals either killed at the termination of the 
study or dying spontaneously, revealed an increased incidence 
of male mice presenting one or more crystalline calculi in 
the urinary bladder. These findings were only observed among 
the animals at two highest dose levels of xylitol. A small 
number of tumours of the transitional epithelium, both benign 
and malignant, were found in male mice in the 10 and 20 % 
xylitol dose groups. These tumours were associated with a 
high incidence of epithelial hyperplasia and urinary calculi 
among the males in these groups. The association of 
hyperplasia, metaplasia and neoplasia with calculi in male 
mice was considered to be compound related. There were no 
tumours of the bladder epithelium in the female mice (table 
1.3). 
No renal tumours were recorded among female mice. Among 
males, however, mice treated with 20 % sucrose showed a 
14 
higher, incidence of renal adenomas (11/93) compared to 
controls (5/87). In contrast all xylitol treated groups 
showed fewer renal tumours than the controls. 
Hepatocellular tumours occurred in both sexes in all 
experimental groups, but were more frequent in males. The 
incidence of hepatocellular tumour-bearing male mice treated 
with 20 % sucrose was similar to the controls. Male mice 
treated with xylitol showed a lower incidence of 
hepatocellular tumours than the controls or mice treated with 
20 % sucrose diets. These differences were significant in 
males treated with 10 or 20 % xylitol diets when compared 
to the controls (P< 0.05) and in males treated with 2,10 or 
20 % xylitol diets when compared to the 20 % sucrose group 
(p< 0.05, p< 0.01 and p <0.001 respectively). 
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The incidence of hepatocellular tumours in female mice 
treated with 2,10 or 20 % xylitol diets was similar to the 
control females. Females treated with 20 % sucrose diets 
showed a significantly higher incidence of hepatocellular 
tumours than the controls (p< 0.05) or females treated with 2 
or 20 % xylitol diets (p< 0.05). Among male mice in the 
highest xylitol dosage group an increase was observed in the 
number of mice showing centrilobular degenerative changes in 
the liver when compared to the control group., An increase in 
the number of male mice. showing fatty degeneration of 
hepatocytes was, observed among the 20 % sucrose group. In the 
groups, receiving 10 and 20 % xylitol diets the. number of male 
mice presenting abnormal liver masses, was reduced. In general, 
the behaviour and state of health of the mice in different 
groups were not noticeably affected. The mortality of male 
mice in the 20 % xylitol diet group was somewhat higher 
during the first year of treatment than in other groups. 
A long term tumorigenicity and toxicity study on the 
effects of dietary xylitol in rats was conducted by Hunter et 
al. (1978 b). The study covered the major part of the life-span 
of the animals and a total of 75 males and 75 females was 
included in each dosage group. Xylitol was mixed with the 
diet at-levels of 0,2,5,10 and 20 % (w/w). For comparison, 
additional groups received diets containing 20 % sucrose or 
20 g6 sorbitol. 
The post-mortem findings revealed enlargement of the 
caecum- in 1 out of *39 males and 1 out of 36 females 
receiving xylitol. The corresponding figures were 15 out of 
34 and 3 out of 34"for the 20. %, sorbitol group., No signs of 
enlargement were seen in the other two groups. 
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A dose related impairment of the food utilisation . 
efficiency was recorded for both sexes receiving 5,10 or 
20 % xylitol or 20 % sorbitol. A marginal impairment was 
recorded for the 20 % sucrose group. Rats receiving 2% 
xylitol in the diet showed no impairment of food utilisation. 
Blood chemistry analysis revealed that insulin levels in 
rats treated with 20 % sucrose or 20 $ sorbitol were 
increased during the first 78 weeks of the study, but were in 
the normal range at the termination of the study. Insulin 
levels in rats receiving xylitol treatment were not affected 
by the treatment. At 52 weeks for males, and 78 weeks for the 
males and females in the 20 % sucrose group marginally higher 
cholesterol levels were recorded. Other, differences between 
control and treated rats consisted of higher sodium levels in 
males receiving 10 or 20 % xylitol and females receiving 10 % 
xylitol or 20 % sorbitol. Higher chloride levels were recorded 
for males receiving 10 or 20 $ xylitol and females receiving 
5 or 10 % xylitol. However, the difference from control 
values was small and the values obtained from treated rats 
were still within the normal range. 
Unilateral or bilateral phaeochromocytomas were recorded 
in a proportion of rats from all groups including controls. 
Statistical analysis using one-tailed exact method of 
stratified contingency tables showed that there was a 
significant increase in the number of"phaeochromocytomas in 
males treated with 20 % xylitol"(p <*0.05) compared to the 
incidence recorded in control rats. No other incidence 
attained. a level of statistical significance. 
Although a statistically significant increase in the 
incidence of phaeochromocytomas was seen in males receiving 
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20 % xylitol compared with the incidence in control rats, the 
incidence was similar to that encountered in comparable, 
hist-orical. control data in the rat strain used. 
No treatment related changes were seen in the liver of 
any of the animals examined. There were no treatment related 
effects on the tumour incidence in any of the organs 
investigated. The'total number of'tumour-bearing rats was 
similar in treated and control groups. 
A two year, tolerance study of xylitol was conducted by 
Heywood et al. ' (1977) using 8 male and 8 female beagle-dogs 
per dosage group. Xylitol was added to the diet at levels of 
0,2,5,10 and 20 % and additional groups received 20 
sucrose or 20 % sorbitol incorporated into the diet. The 
average daily intake of xylitol in the 20 % group was 7-8 g/ 
kg body weight for the first 26 weeks of the study. From the 
26th week of the trial till the 104th week (termination time) 
the average daily intake was 5 g/kg body weight. 
In general, the treated animals gained weight more 
rapidly than the controls. Haematological, urinary and 
biochemical investigations in all groups yielded results 
within the usual biological range. During the first year, 
however, a tendency to slightly elevated serum alkaline 
phosphatase and serum total protein values was observed in 
the 20 % xylitol and 20 % sorbitol groups. SGPT values in the 
10 and 20 % xylitol groups were in part at the upper normal 
limit and in part in the pathological range. At terminal 
autopsy,. the dogs in the 20 % xylitol group had slightly 
heavier livers than in the other groups. There were, however, 
no degenerative changes. It was concluded that dogs will 
tolerate a'diet containing 20 % xylitol, sorbitol or sucrose 
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for a , period of two years. No serious irreversible 
toxicological disturbances were found. 
1.3.4 Human tolerance studies 
The most extensive investigation of the effects of 
chronic xylitol feeding on=clinico-chemical parameters in 
humans has been in'conjunction with the Turku sugar studies. 
This work has been extensively reviewed by Mäkinen and 
Scheinin (1975). In=these studies a complete substitution of 
sucrose with xylitol, ýwas used and 50 volunteers were offered 
ad libitum a varied assortment of foods manufactured-with 
xylitol. Mean monthly consumption of xylitol was 1.5 kg per, 
month or about 50 g/day. Highest individual doses varied from 
200 to 400 g/day. Most subjects maintained excellent 
cooperation and adhered to the dietary regimen for two years. 
Long-term intake of xylitol did not cause clinically 
significant differences in any of the following parameters: 
haemoglobin, red blood cells, leukocytes, sedimentation rate 
of red blood cells, pyruvate, lactate, urate, triglycerides, 
cholesterol, glucose, insulin, bilirubin, asparate and alanine 
aminotransferase, alkaline phosphatase, lactate dehydrogenase, 
amino acids, Na, 8, Ca, Mg, inorganic phosphorus, 
immunoglobulins A, G and M, ascorbic acid or serum protein 
pattern (Mäkinen 1978). Transient diarrhoea occurred in half 
of the subjects during the early part of the study, but 
disappeared within the first three weeks. There were eight 
pregnancies in the group and all pregnancies, deliveries and 
infant's (were normal. The study did not reveal any toxicity 
associated with the consumption of moderate amounts of 
xylitol. Except for osmotic diarrhoea at the beginning of the 
diatary period and a 5-7 % overall weight reduction, no side- 
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effects were noticed in-the xylitol group. 
Mäkinen et al. (1981) compared the metabolic tolerance 
of human volunteers to high xylitol doses after long-term 
regular consumption of xylitol. No clinically significant 
changes in the blood and urine chemistry occurred during'the 
study. In particular during the xylitol loading periods no 
clinically significant changes of urinary parameters such as 
changes of pH, increase in oxalic acid or calcium, were: 
observed. General health examinations also-revealed no 
evidence of pathological consequences related to the'long- 
term oral consumption of substantial amounts of xylitol. 
Akerblom et al. (1981) studied the tolerance of dietary 
xylitol in children and concluded that a reasonable 
consumption of xylitol in the form of chewing gums and small 
candies or confections was harmless for children. 
Förster et al. (1981) conducted a subchronic study with 
12 human volunteers&and concluded that no relevant changes of 
a variety of clinical parameters could be revealed. 
1.3.5 Mutagenicity of xylitol 
Batzinger et al. (1977) studied'the mutagenic activity 
of xylitol and other sweeteners using the Ames-test both 
directly and in the host mediated assay. Xylitol had no 
detectable mutagenic activity (up to 500 mg/plate) in any of 
the test assays using Salmonella strains (TA 100 and TA 98). 
Significant mutagenic activity of saccharin even at levels 
5 mg/plate was detected by both tester strains. 
Sasaki et al. (1980) examined xylitol for its 
inducibility of sister chromatid exchanges (SCE) and 
micronuclei (MN) in diploid human fibroblastic cells 
(HE 2144) 
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and in a pseudodiploid chinese hamster cell line (Don-6). 
Xylitol was applied at levels of 0,45.7 and 76.1 mg/ml (0, 
3x 10-1, and. 5 x 10-1. M). No induction of. sister chromatid 
exchange was observed in either test system and xylitol did 
not induce micronuclei in chinese hamster cells. However, the 
highest dose level (76.1 mg/ml) was found toxic to human, 
fibroblasts. 
Gallandre (1978) indicated that neither xylitol nor any 
of its metabolites induced base/pair or frame-shift mutations 
in the Salmonella typhimurium strains used (Amestest: TA 1535, 
TA 1337 and TA 1538; host-mediated assay in the mouse TA 1530, 
TA 1532 and TA 1964). 
No effect of xylitol on chromosomes or chromatids could 
be observed in the micronucleus test and in chromosome 
analysis of cultured P HA stimulated human lymphocytes-, 
(Gallandre 1978). , 11 - 
1.3.6. Teratogenicity 
Xylitol was tested for embryotoxic and teratogenic 
activity in rats by Palmer and Bottomley (1977). Xylitol-did 
not have any noticeable influence on the behaviour or state 
of health of the dams and had no effect on their weight 
increase. There was furthermore no effect on the reproduction 
process. No substance related effect on the parameters 
measured was noted. Detailed examination of the fetuses for 
malformation gdve rise to no reasons to suspect undesired 
effects of xylitol. 
Xylitol was investigated for embryotoxic and teratogenic* 
action on the rabbit by Hummler (1978). The substance was 
administered orally to rabbits from the 7th to'the 19th day 
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of gestation (day 1 =the first 24 hours after copulation) by 
incorporation into the diet. Dietary concentrations of 0,2, 
5,10 and 20 % xylitol were employed. - 
All doses of xylitol were well tolerated by the pregnant 
does. The reproductive process was not impaired in any of the 
experimental groups. The measured parameters (litter size, 
fetal weight, resorption rate, etc. ) were within the normal 
range. No indications of any embryotoxic or teratogenic effect 
of xylitol in the rabbit under the conditions of this study 
were observed. 
1.4 OXALATE PRODUCTION AND XYLITOL 
Postoperative infusions of easily metabolisable 
carbohydrates other than glucose were introduced in Germany 
and Japan in the 1960's and also xylitol infusions became 
common. Xylitol was considered beneficial in subjects with 
impaired glucose utilization or with disorders in lipid 
metabolism (Lang 1971). 
In 1970 and 1972 in Australia reports occurred of, 
adverse reactions following the intravenous. administration of 
solutions containing xylitol (Thomas et al. 1970, Thomas et 
al. 1972). Xylitol infusions-were indicated to produce lactic 
acidosis and osmotic diuresis, and calcium oxalate 
crystals were found in the renal, cerebral and vascular 
tissues in patients that died after xylitol infusions. The 
depositions were regarded as important contributing factors 
'to'the deaths of the patients and it was thought that xylitol" 
somehow increased the production of oxalate, leading to 
crystallization (Thomas et al. 1972 a, b; Thomas et al. 1974). 
These studies were mainly based on retrospective examinations 
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of the clinical records of patients who received xylitol 
infusions as a part, of their general treatment. In most cases 
the patients were severly diseased before their 
hospitalisation as shown in table 1.4. Oxalate crystals were 
found in a wide variety of illnesses. Thomas et al. (1976) 
indicated a possibility that some adverse reactions were due 
to the intravenous administration of hypertonic sugar 
solutions in general, but some of them were considered to be 
peculiar to xylitol containing solutions only. Deposition of 
oxalate crystals in renal tubules was detected after xylitol 
infusions. The crystals were identified as calcium oxalate 
using biochemical methods, conventional light microscopy and 
electron microscopy (Evans et al. 1973). Increased serum 
bilirubin and uric acid were observed in volunteers infused 
with 5% and 10 % solutions of xylitol in water (w/v) at 
dosages of 2.34-2.90 g/kg body weight (Thomas et al. 1974, 
Donahoe and Powers 1970). Increased serum lactate, phosphate, 
serum glutamic-oxaloacetic transaminase and alkaline 
phosphatase levels have been reported (Thomas et al. 1976, 
Paulini 1976, Watts et al. 1974, Wang et al. 1972). Paulini 
(1976) also suggests a possible link between xylitol 
infusions and large oxalate deposits in the kidneys. In 45 
deceased patients examined 12 had oxalate deposits and all 
patients with crystal deposition had received considerable 
quantities of xylitol by infusion within a period of ten 
days. 
Thomas et al. (1976) proposed a possible pathway 
leading to oxalate formation. from xylitol (figure 1.3. ). 
Based on experiments with vitamin B6 deficient rats and 
vitamin B, deficient rats it was suggested that, 
glycolaldehyde is formed as a part of a supressed 
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Figure 1.3. Possible links between oxalate formation, tetronic 
acid formation and xylitol infusions. 
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Table 1.4. Pathology of oxalate crystals in Australian studies 
Crystals were found in subjects treated with xylitol: 
A: Tissues B: Subjects admitted for: 
- ruptured aneurisma 
kidneya - carotid artery trombosisa 
midbraina - obstructing carcinomaa 
pancreatitis (renal transplant) 
multiple abscess 
uremic hepatic deatha 
a similar findings in xylitol and non-xylitol treatment 
transketolase reaction during xylitol metabolism and this may 
be one point of entry for xylitol and the metabolites of 
xylitol to pathways leading to glyoxylate formation and 
oxalate synthesis. Transketolase' activity is known to be 
dependant on thiamine and the reactions may be impaired due 
to thiamine deficiencies leading to oxalate formation from 
xylitol (Thomas et al. 1976). Pyridoxine deficiencies may 
affect oxalate formation by impairing transaminase activities 
associated with the conversion of glyoxylate to glycine 
(Hannet et al. 1977). 
Hauschildt et al. (1976) indicated that tetronic acids 
were excreted in the urine of xylitol-infused patients. 
Tetronic acid formation was. suggested to follow the 
overloading of. the. transaldolase and transketolase reactions 
due to xylitol metabolism. It was suggested that 'patients 
with renal failure who are rapidly infused with large doses 
of xylitol in hyperosmolar solutions'are unable to excrete 
the. large amount of glycolic acid that is formed. This will 
in turn cause inhibition of-the reduction of glyoxylate to 
glycxlate (Smith et al. 1971). Thus, direct oxidation of 
glycolate may increase oxalate production and precipitation 
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at sites of high calcium ion flux resulting in oxalate 
crystal deposition in kidneys and bladder. It is important to 
note, however, that none of the patients examined developed 
any hyperoxaluria or hyperoxalaemia, 
Hauschildt et al. (1976) indicated that neither 
hyperoxaluria nor hyperoxalaemia were associated with xylitol 
infusions (10 % w/v, 0.25 g/kg hr). These results supported 
those of Watts et al, (1974) , in which no untowards effects of 
xylitol infusions were detected. Mäkinen (1978) suggested 
that comprehensive experimental proof for the'reactions 
involving xylitol conversion into oxalate (figure 1.3. ) has 
not been provided yet. He indicated that heavy intravenous 
loading of, patients with xylitol may temporarily affect the 
efficacy of transaminations requiring B6 coenzymes., 
Deficiency of vitamin B6 is well known to lead to impaired 
transaminations and to increased plasma glutamate and glycine 
concentrations. Rapid infusion'-of high amounts of glucose, 
fructose or sorbitol will also induce similar reactions. 
Elevated glycine concentrations and increased oxalate 
synthesis in the liver may also be due to the inhibition of 
purine synthesis, which occurs after rapid infusions of sugar 
solutions. In addition, some commercial infusion solutions 
contain high amounts of amino acids, eg. glycine, that are 
considered, to be precursors for oxalate synthesis (Mäkinen 
1978). 
Rofe et al. (1977) studied oxalate synthesis from 
xylitol-in normal and pyridoxine deficient rats and isolated 
adult'rat hepatocytes: 'The results indicated: that 
14C 
oxalate' 
was produced in vivo from U14C xylitol, U14C sorbitol,. 114C 
glyoxylate and 114C glycolate and also in isolated rat 
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hepatocytes. Pyridoxine deficiency increased oxalate 
synthesis from all compounds, both in vivo and in vitro. 
Control animals excreted 0.072 % 14C oxalate after xylitol 
injections compared to 0; 006 % after sorbitol injections. In 
hepatocytes, maximal conversion of xylitol to oxalate 
occurred at a xylitol concentration-of 1mM. A comparison 
between fructose, sorbitol, glucose, glycerol-and xylitol at 
this concentration demonstrated that xylitol was the most 
significant oxalate precursor, producing threefold more 
oxalate than fructose, the next most effective compound. 
Hauschildt and, Brandt (1979) indicated that on incubating 
rat liver homogenates with U14C glucose or U14C xylitol in 
the absence of oxidants no 
14C 
oxalate was formed. Addition 
of NAD phenazine methosulfate (an artificial electron 
acceptor) to the-incubation medium led to increased substrate 
uptake and CO2 production. Under these conditions oxalate 
formation was observed from both substrates, the oxalate 
production from xylitol being 1.6 times higher than that from' 
glucose. 
Boström et al. (1979) studying freeze-clamped liver, 
kidney and skeletal muscle tissues from fasted normal rabbits 
after intravenous administration of xylitol (2 g/kg) 
demonstrated that xylitol was rapidly metabolised in the 
liver, more slowly in the kidney, but little if any was 
metabolised in'skeletal muscle. The most significant feature 
was the immediate, and marked depletion of ATP and ADP 
together with a loss of total adenylates and Pi. 'These 
results support the previous studies bf Jakob (1979). 
Rofe et al. (1979) investigated the hypothesis that prior 
intake of barbiturates may predispose patients to form 
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increased amounts of oxalate following the intravenous 
infusion of xylitol. Phenobarbitone pre-treatment of rats 
increased 149 oxalate excretion 2-3 fold, following the, 
injection of 114C4, glycollate or U14C xylitol. A decrease in 
the volume of urine and creatinine excreted by phenobarbitone 
treated rats was observed,. but these changes did not account 
for the large increase, in oxalate excretion. The authors 
therefore concluded that oxalate synthesis had been enhanced 
in phenobarbitone treated rats. 
A review by Hope et al. (1979) of the records of patients 
who showed adverse reactions to xylitol infusions in earlier 
studies, (Thomas et al. 1976, Thomas et al. 1972) has revealed 
that many patients were taking considerable quantities of 
drugs, including barbiturates. According to Rofe et al. (1979) 
prior use of drugs, such as barbiturates, may lead to an 
increased ability to produce oxalate from xylitol or from 
immediate oxalate precursors. The capacity of the liver to 
metabolise xylitol is. high. The elimination rate of xylitol 
after one intravenous dose (0.3-0.5 g/kg body weight) has 
been estimated to be 3.0-4.5 96 per minute, which is about the 
same as the elimination rate for glucose 
(Förster,, 1974). 
Using the constant infusion technique, the maximal rate of 
xylitol. elimination has been estimated to be about 480 mg/kg/ 
hr (Bässler, 1976) and based on this value the recommended 
dose for xylitol infusions in . the Federal. Republic of 
-Germany and other German speaking countries 
is 0.25 g/kg body 
weight/hour using a, 10. % w/v solution. During long-term 
administration the rate of xylitol elimination is increased 
due to the adaptation of the hepatic enzyme systems. In most 
cases when adverse effects have been reported much 
greater 
infusion rates have been used, eg. up to 2.0 g/kg/hr by, 
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Thomas et al. (1974) on non-adapted patients. 
In most cases patients receiving xylitol infusions have 
also been treated'with drugs or anaesthetics. Phenobarbitone 
and methoxyflurane treatment have been associated with - 
nephrotoxicity and oxalosis (Rofe et al., 1979: Bullcock and 
Albert, 1974), an effect which may be enhanced-by prior or 
simultaneous administration of barbiturates (Son et al. 1972). 
Wilson et. al. 
(1972)showed that three patients out of seven 
showed 2-3 fold increase in urinary oxalate excretion after 
light methoxyflurane anaesthesia while the remainder had 
normal oxalate excretions. These effects parallel those 
reported by Thomas et al. (1974,1972 a, b) after xylitol 
infusions, since not all patients receiving xylitol infusions 
demonstrated an adverse reaction. 
Hauschild et al. (1976) demonstrated that xylitol 
infusions according to the recommended doses did not result 
in increased oxalate excretion in any of the patients. Later 
Hauschild and Brandt (1979) found that in the absence of 
oxidants in rat liver homogenates no oxalate was formed from 
xylitol. The first, step in the metabolism of-xylitol is the 
oxidation to D-xylulose. This step generates NADH and at 
substrate concentration above 1mM causes an elevation in the 
intracellular NADH/NAD ratio (Rofe et al. 1977) in vitro. In 
order to stimulate oxalate biosynthesis from glyoxylate or 
glycollate which were found to be metabolites'of xylitol 
(Rofe et al. 1977, Haüschildt et al. 1976) the NADH/NAD ratio 
must be lowered to produce an oxidised cellular redox state 
(figure 2). 
Oxalate synthesis from intermediates of the glycolytic 
pathway, i. e. from 3-phosphoglycerate via hydroxypyruvate 
30 
would be another alternative, but would not account for 
increased formation of oxalate from xylitol since both 
glucose and xylitol share this pathway. 
In conclusion, the abnormal shift in the NADH/NAD ratio 
to the oxidised state which is required to produce oxalate 
synthesis from glucose or xylitol is unlikely to occur within 
the cell. This is particularly true for xylitol since extra 
NADH is generated by its metabolism. Therefore it appears 
that xylitol application using the German recommended doses 
does not favour oxalate synthesis under physiological 
conditions. 
1.5 THE-TOXICITY OF SORBITOL AND MANNITOL 
In connection with xylitol studies sorbitol was also 
tested in a long term study. A total of 75 male and 75 female 
Sprague Dawley rats were included in each dosage group. One 
. 
group served as controls and the other received 20 % sorbitol 
in the diet. During 78 weeks no treatment related effects were 
observed in clinical parameters. At autopsy, histological 
evaluation indicated no treatment related effects on the major 
organ systems. However, the incidence of both unilateral and 
bilateral hyperplasia of the adrenal medulla was increased 
significantly for both males and females receiving the 20 % 
sorbitol diet. Also caecal enlargement was observed (Hunter 
et al. 1978 b). 
For mannitol, only one'carcinogenicity bioassay has been 
reported by the U. S. National Toxicology Program. The result 
was-negative. 
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1.6 THE PURPOSE OF THE PRESENT STUDY 
Despite the reports on the toxicology of xylitol the 
-present knowledge concerning the adaptation to high doses of 
dietary xylitol is surprisingly limited. The toxicological 
data has also indicated new problem areas in relation to 
xylitol administration. In the present experiments 
experimental animals and human volunteers were exposed to 
varying xylitol doses. At first, the absorption, acute and 
subchronic effects of xylitol were investigated in rats and 
mice. Thereafter the major goals of the study were to clarify 
adaptive mechanisms connected with xylitol absorption and the 
possible role of dietary oxalate in the formation of bladder 
calculi in long term xylitol feeding studies. To obtain 
information on these main subjects biochemical, microbiological 
and hormonal studies were conducted. The major goal was to 
further investigate the problems of the safety evaluation of 
xylitol. 
t' 
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CHAPTER II 
ADAPTATION TO HIGH DOSES OF DIETARY XYLITOL 
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2.1 INTRODUCTION 
One of the early observations during oral 
administration of xylitol was the incidence of osmotic 
diarrhoea after high xylitol doses. However, this xylitol 
induced diarrhoea in rats disappeared after 8 to 10 days of 
feeding (Lang 1969). Bdssler (1969) proposed that during 
adaptation the rate of intestinal xylitol 
absorption was increased, thereby leaving less xylitol to 
exert osmotic effects in the lower part of the intestinal 
tract. It was also suggested that the adaptation 
mechanisms should be at the level of cellular metabolism. For 
xylitol, sorbitol and mannitol, no indication of the presence 
of transport mechanisms has been established to date (Förster 
1978). The absorption of all these polyols is therefore 
thought to take place exclusively by means of free diffusion 
or by way of transport systems not yet discovered, with a low 
affinity for the polyols. 
The osmotic diarrhoea reported with polyol intake has 
been explained by the slow absorption of polyols. Relatively 
high doses may reach the-large intestine and exert osmotic 
effects. Xylitol has been reported to be unique amongst the 
polyols because adaptation to rather large doses can occur 
(Förster et al. 1975). However, Wekell et al. (1980) reported 
that some rats suffer from severe diarrhöea and are not able 
to adapt to'20 % dietary xylitol. 
-Since some confusion existed about adaptation to dietary 
xylitol and'its relationship to subsequent tolerance to large 
doses of xylitol a series of experiments was initiated to 
study this phenomenon. This work was divided into three parts. 
First adaptation to xylitol was studied using different 
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feeding regimens. The effect of xylitol adaptation on the 
absorption rates of xylitol and other polyols was then 
investigated. Finally the effect of adaptation. to 20 
dietary xylitol on the acute toxicity was examined. 
2.2 MATERIALS AND METHODS 
2.2.1 Animals 
N. M. R. I. -Anticimex SPF mice (Anticimex AB, Sollentuna, ' 
Sweden) were used for the acute oral toxicity experiments. 
Rats of the albino Wistar (University of Surrey SPF derived 
MRC stock) strain were used in xylitol adaptation studies. The 
animals were housed in groups of five in plastic cages with 
wire mesh lids containing sterilized wood shavings as bedding. 
Powdered diet and tap water were provided ad libitum. 
The environmental conditions in the animal room were 
kept as constant, as possible, temperature at 23±1°C, humidity 
at 50-60 %, and lighting 12-hour light-dark cycle. All animals. 
used for the same experiment were kept in the same animal room, 
and were all subjected to the same environmental conditions. 
2.2.2 Diet 
Powdered laboratory animal diet was used (Powdered Diet 
for Rodents, Lab Diet 2, Spratt's Laboratory Services). Nice 
received powdered mouse diet (Mjblform, Astra-Ewos, Sweden). 
Pharmaceutical'grade pyrogen free xylitol (Xyrofin AG., Baar, 
Switzerland) was mixed with the diet at appropriate 
concentrations (table 2.1. ). The chemical composition of the 
diets is given in Appendix, table 1. 
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Table 2.1. Dietary formulations and length of time fed for 
xylitol adaptation of animals and also for non- 
adapted animals used in subsequent experiments 
Length Control 
of 
treatment 
1 week 100 % 
base dietlý 
1 week 100 % 
base diet 
1 week 100 % 
base diet 
1 week 100 % 
base diet 
1 week 100 % 
base, diet 
Xylitol 
adapted 
100 % 
base diet 
95 % base di qt 
5% xylitol2) 
90 % base diet 
10 % xylitol 
85 % base diet 
15 % xylitol 
80 % base diet 
20 % xylitol 
Non-adapted 
100 % base diet 
80 % base diet 
20 % xylitol 
80 % base diet 
20 % xylitol 
80 % base diet 
20 % xylitol 
80 % base diet 
20 % xylitol 
base diet either Spratt's Powdered Laboratory diet 2 for 
Rodents (Spratt's Laboratory Services, U. K. ) or M olform 
powdered diet for Rodents (Astra-Ewos Ltd, Sweden) 
2) Pharmaceutical grade (pyrogen free) xylitol (Xyrofin AG., 
Baar, Switzerland) 
I 
2.2.3 Adaptation to xylitol diets 
0 
Xylitol was gradually substituted for the diet. Initial 
addition was 5% (w/w) and it was increased by 5% at weekly 
intervals until a 20 % xylitol diet was reached. Xylitol. was 
added on a dry weight basis. 
2.2.4 Effect of adaptation on xylitol absorption 
60 Wistar albino rats were gradually adapted to 20 $ 
xylitol in the diet. Fully adapted and control rats were 
fasted overnight and dosed with. 5, uCi. of U-14C xylitol, U-14C 
sorbitol or 1-C mannitol. All isotopes were obtained from 
14 
the Radiochemical Centre (Amershamt U. K. ). 
Each isotope dose was mixed with the corresponding' 
("cold") polyol to obtain a final, dose of 0.625 g/kg body 
weight. 
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After dosing the animals were bled from the tail vein at 
frequent intervals (0.5 ml blood taken). Serum was separated 
by centrifuging for 10 minutes at 2 000 g and 0.1 ml of the 
serum-was used for-liquid scintillation counting. '' 
2.2.4.1 Liquid scintillation counting of"samples 
For liquid scintillation counting the following 
scintillation fluid was prepared: 
750 ml Synperonix (Durham Chemicals Ltd, Birtley, U. K. ) 
'12 g 2,5-diphenyloxazole 
0,25 g dimethyl 1,4-bis-2-(5 phenylöxazolyl) 
(BDH 
benzene Chemicals, 
Poole, U. K. ) 
1 500 ml sulphur free toluene 
Samples of the serum (0.1 ml) were mixed with 4 ml of the 
scintillation fluid and counted for 
14C 
activity using an LKB- 
Wallac RackBeta liquid scintillation counter using a quench 
correction curve. A 10 minute counting time was used. Thin- 
layer radiochromatography of the serum was conducted as 
described by Sheppard (1972) to identify the activity. 
2.2.5 Effect of adaptation on the acute oral toxicity of 
xylitol 
Assessment of the effects of xylitol adaptation on the 
acute oral toxicity of xylitol was determined using male and 
female NMRI mice (body weight 25-30 g). 50 % of the mice were 
adapted to 20 % dietary xylitol as described in 2.2.3. Others 
received a control diet. Pyrogen free xylitol was dissolved 
in water and administered as a single dose via gastric 
gavage. Twelve hours prior to xylitol application the mice 
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were fasted. Dosages which were selected based on an initial 
screening experiment varied from 16 to 28.8 g/kg body weight. 
Five control mice and xylitol adapted mice were used per dose. 
The administered dose was adjusted to the volume of 1.5 ml. 
Observations were made frequently for 24 hours and then for 
two days. Control diet and water were provided ad libitum 
during the follow-up days and the animals were kept in 
plastic cages on'wood shavings. 
The median lethal dose and its confidence intervals were 
calculated according to the tables developed by Weil (1952). 
At the end of the observation period the animals were killed 
under anaesthesia, dissected and examined macroscopically. 
2.3 RESULTS 
a) Adaptation to dietary xylitol 
All animals that were adapted to 20 % dietary xylitol 
showed no ill effects and no signs of diarrhoea could be 
detected in either adapted rats or mice. Xylitol 
administration to control animals (0.625 g/kg body weight) 
caused transient watery diarrhoea, but this phenomenon was 
not observed in xylitol adapted animals. 
b) Effect of adaptation on the rate of absorption 
The plasma levels of radioactivity in control rats and 
xylitol adapted rats following oral administration of 5, uCi 
of U-14C xylitöl (mixed with 0.625 g xylitol/kg body weight) 
are shown in figure 2.1. As can be seen a significant 
(p e-0.01) increase in the'peak blood levels of radioactivity 
was observed in xylitol adapted rats when compared to control 
rats. Xylitol adaptation was also shown to enhance sorbitol 
and especially mannitol absorption in rats. when compared to 
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Time, hours 12ý3.45678 24 
Figure 2.1. Levels of radioactivity in the plasma of starved r? ýs 
following oral administration 
_of 
xylitol (5 uCi U-_ C 
xylitol mixed with a dose of 0.625 g xylitol/kg body Xy11-L01 LULAt: 11 Wl1. ii CL uVoa vi v. vC-W 6 aJiivv, ý, ýný "%; "j i 
weight). Each value represents the mean t SEM for 10 rats, 
"= rats adapted to 20 % xylitol,  = rats receivin a 
control diet, Points marked with an asterix are significantly 
different from the control values (p<0.01). 
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sorbitol and mannitol absorption in control rats (figure 2.2. ). 
In most cases it was observed that ingestion of 0.625 g/kg 
body. weight of xylitol, sorbitol or mannitol resulted in 
slight transient diarrhoea in control rats. No diarrhoea was 
seen among xylitol adapted rats receiving similar doses of 
any three polyols. 
Calcium did not appear to change the absorption of 
xylitol in control rats when given together with the polyol 
in a ratio of 0.5 moles calcium to 1 mole xylitol. In xylitol 
adapted rats calcium ingestion with xylitol caused'an initial 
rise in the blood levels of radioacitivity but the effect was 
not statistically significant (figure 2.3. ). 
c) Effect of adaptation on the acute toxicity of xylitol 
Animals which received a lethal dose of xylitol died 
with manifestations of disequilibrium and were prostate at 
the time of death (table 2.2. ). After application of xylitol 
all animals showed staggering gait, a prone position. Slight 
diarrhoea was observed in adapted mice and control mice 
suffered from moderate to extensive diarrhoea starting 30-60 
minutes after xylitol administration. At the two highest dose 
levels death resulted in one to three hours. Surviving 
animals at the three lowest dose levels had normal appearance 
and behaviour 12-14 hours after ingestion of xylitol. All 
surviving animals appeared normal subsequently. Dissection 
of the dead animals revealed some reddening of the intestinal 
mucosa, swelling of the intestines and gas formation in the 
caecum. Animals, killed 2 days after the follow-up period 
t 
showed slight enlargement of the caecum but no other signs of 
toxicity when examined macroscopically. 
The median lethal doses (LD50) for the treated mice were 
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Figure 2.2. Plasma 14C in-rats various time intervals, after oral 
administration of U C-sorbitol (5juCi with 0.625 g 
sorbitol/kg body weight)-or 1 C-mannitol (5 }uCi with 
0.625 g mannitol/kg body weight). Solid marks indicate 
rats adapted to 20 % dietary xylitol and open marks 
indicate control rats. Each value is a mean ± SEM for 
five rats. Points marked with an asterisk are significantly 
different from the control values (p<0.01) . 
f 
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XYLITOL-ADAPTED 
M4- O 
ý 1 
>4 C, 3. 
Cd 
cd 
1 
0 
0 
CONTROL 
i 
1 
I11+. t 
2.5 58.24 
Time (hours) 
. 
Figure 2.3. Effercjs of Calcium on plasma 
14C 
after oral administration 
of II C-xylitol (5 pCi"mixed with 0.625 g xylitol/g body 
weight). Each value is a mean ± SEM for five rats. Solid 
marks indicate Calcium pre-treatment (0.5 mole Ca/1 mole 
xylitol) and open marks indicate plain xylitol treatment. 
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calculated from the results, see table 2.1. The LD50 values 
with 95 % confidence values were 21.79 g/kg (19.546-24.260) 
for control males, 21.45 g/kg (20.081-22.930) for control 
females, 20.96 g/kg (19.323-22.729) for xylitol adapted males 
and 23.62 g/kg (21.931-25.437) for xylitol adapted females. 
The values are not significantly different. The significance 
of differences was determined by the t-test which was used in 
all experiments throughout the. thesis. 
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Table 2.2. Results of an acute toxicity experiment on xylitol 
using control mice or mice adapted to 20 % dietary 
xylitol 
Dose Control mice Xylitol adapted mice 
g/kg Number of animals Number of animals 
alive after 24 hours alive after 24 hours 
male female male female 
28.8 0/5 0/5 0/5,0/5 
25.7 1/5 0/5 0/5 1/5 
22.8 2/5 ý1/5 2/5 3/5 
20.3 3/5 4/5 2/5 5/5 
18.0 5/5 5/5 5/5.5/5 
16.0 5/5 5/5 5/5 5/5 
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2.4 DISCUSSION 
The adaptation experiment demonstrated that both Wistar 
albino rats and NMRI mice can be adapted to levels of xylitol 
which normally cause distress and diarrhoea'in animals not 
adapted. A diet containing 20 % xylitol was well tolerated by 
all animals gradually adapted to xylitol. However, when 
control'animals were given a single oral dose of 0.625 g 
xylitol/kg body weight diarrhoea was observed in about 2-3 
hours time. Adaptation to oral xylitol administration has 
been observed in rats (Bässler 1969), in monkeys (Emigh and 
Branen 1980) and in humans (Mäkinen and Scheinin 1975). Also 
others have observed adaptation (Förster 1978). 
The results of the absorption study (figure 2.1. ) 
indicate that after an oral dose of labelled xylitol higher 
plasma levels of radioactivity are obtained in xylitol 
adapted rats than in control rats. This seems to indicate an 
enhanced transport of xylitol from the intestinal lumen to 
plasma in adapted rats, but other explanations are possible. 
Bässler et al. (1966), and Bässler (1969) investigated the 
adaptive processes concerned with absorption and metabolism 
of xylitol. They investigated adapted and non-adapted rats 
given xylitol by stomach tube and killed at 1-hr intervals. 
The remaining xylitol was determined from various parts, of 
the gastrointestinal'tract. Ten hours after xylitol 
administration 24 % of the dose was still present in the 
intestine of non-adapted. rats, whereas in the intestine of 
adapted rats no xylitol remained. Bdssler (1969) also 
indicated that the passage of oral xylitol through stomach 
and the small intestine was faster and that less xylitol 
reached the caecum of xylitol adapted rats. When our findings 
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I 
are compared to those of Bässier it appears that at the time 
of highest absorption in adapted animals. oral xylitol has 
reached the small intestine and the caecum. Therefore, it 
seems that adaptive processes connected with xylitol 
absorption may happen in the small, intestine and the caecum. 
Higher blood levels of radioactivity are obtained in 
adapted animals (figure 2.1. ). However; most of the activity 
was identified as xylitol. 
It was also observed that xylitol adaptation was not 
selective to xylitol alone. Enhanced absorption of both 
sorbitol and especially mannitol was observed in xylitol 
adapted rats (figure 2.2. ). Structurally xylitol, sorbitol 
and mannitol are all polyols, but only xylitol has ,a five 
carbon skeleton. 
It was not possible to confirm that calcium increased 
xylitol absorption in either control rats or xylitol adapted 
rats since increases in plasma levels of radioactivity were 
not statistically significant (figure 2.3. ). Earlier Schalk 
and Wirth (1970) showed that xylitol enhanced calcium 
absorption from the duodenum of mice. The results here 
indicate that calcium may alter xylitol absorption. Kieboom 
et al. (1978) indicated that various alditols, including 
xylitol, form complexes with calcium. Since calcium appears 
to have an enhancing effect on the absorption of xylitol it 
is possible that xylitol and calcium are absorbed in a 
soluble complex form. 
The median acute lethal dose of xylitol in NMRI mice was 
found to be around 21 g/kg body weight. The dose is 
comparable to those determined by other workers in mice 
(Lang 1971, Kieckebuch et al. 1961, Kryshen 1971). According 
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to the usual classification based on its acute toxicity, 
xylitol can be described as practically non-toxic. The only 
significant effect at dose levels below the median lethal 
dose was the occurrence'of transient diarrhoea. However, it 
should be noted that eventhough adaption affected the rate of 
absorption of xylitol no changes were observed in the LD50 
values between males or females that were either adapted to 
20 % dietary xylitol or were not introduced to dietary 
xylitol at all. Therefore, it appears that adaptation to 
higher xylitol doses does not alter the ability of the mouse 
to withstand and metabolise xylitol.  
In conclusion, it was shown that both rats and mice are 
able to adapt to 20 % dietary xylitol. The adaptation did not 
appear to be specific to xylitol alone since xylitol adapted 
animals appeared to tolerate also sorbitol and mannitol better 
than non-adapted animals. It was not possible to identify the 
mechanism of xylitol adaptation, but possible mechanisms are 
discussed in chapter IX. 
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CHAPTER III 
SUBCHRONIC AND REPRODUCTION EFFECTS OF XYLITOL 
48 
3.1 INTRODUCTION 
As indicated by the acute toxicity studies xylitol 
appears to be relatively non-toxic in experimental animals 
when given orally as a single dose (Nesterin 1980, Förster 
1978, Lang 1971). However, chronic, studies have. indicated 
that dietary xylitol may alter the absorption and excretion 
of other dietary components (Hunter et al. 1978). Among the 
observed changes, bladder calculi composed largely of calcium 
oxalate crystals have been observed in male mice fed xylitol 
for longer periods (Hunter et al. 1978). Other changes 
observed included transient diarrhoea, enlargement of the 
caecum in rodents and changed adrenal morphology (Salsburg 
1980, Hunter et al. 1978). Since the observed changes could 
have been preceeded by altered urinary and faecal composition, 
a series of experiments was undertaken to investigate the 
effects of xylitol feeding on urinary and faecal parameters. 
A subehronic feeding study and a study on reproduction 
effects were also undertaken. 
Wistar albino rats were used in the subchronic xylitol 
feeding study. Mice were used in a three generation 
reproduction study. 
3.2 MATERIALS AND METHODS 
3.2.1 Effects of xylitol treatment on'Wistar rats 
3.2.1.1 Animals; diets and adaptation 
Wistar albino rats (University of-Surrey SPF derived 
colony) were used. The animals were eitherlgradually adapted 
to 20 % xylitol diets or given a 20 % xylitol diet without 
adaptation or given a control diet. Diets were prepared'as 
described earlier (2.2.2). 
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3.2.1.2 Measurement of urine and faecal parameters 
Urine and faeces were collected whilst the animals were 
in glass metabolic cages and stored at -18°C. Urine pH was 
measured by a digital pH meter and osmolalities were 
determined by depression of freezing point determination in a 
Halbmicro-Knauer automatic osmometer. Urine sodium,. potassium 
and calcium were determined by atomic absorption spectrometry. 
3.2.1.3 Measurement, of urinary oxalic acid 
A modified method for the rapid-determination of urinary 
oxalate was used. The analytical procedure comprised an 
initial purification step using ion-exchange chromatography 
followed by a subsequent colorimetric measurement of the 
recovered oxalate following reaction with chromotropic acid. 
The original method was that of Hodginson et al. (1972). 
The modified method was developed by Bär (1980). 
Materials and reagents I 
a) For the initial ion-exchange purification step 
disposable 4 ml polyethylene pipettes were used, 
b) Ion-exchange resin Lewatit MP 7080 (60-150 mesh) in 
hydroxyl form was obtained from Merck, Darmstadt (No. 5240). 
c) Zinc wire (Pa. Weber and Steiner, Basel, 3 mm 
diameter) defatted with acetone was etched in 4N hydrochloric 
acid and rinsed in distilled water. 
4) Chromotropic acid (1,8-dihydroxynaphthalens-3,6- 
disulphuric acid) solution, 
e)'Sodium acetate buffer (0.1M; pH 4.8). 
f) 14C-labelled oxalate (7 jCi/mol) for recovery 
experiments was obtained from The Radiochemical 
Centre, 
Amersham, 
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g) All other reagents were obtained in the usual 
analytic grade (BDH, Poole, Somerset). 
Preparation of the urine samples 
As a routine procedure, 10 ml of fresh or thawed urine 
were acidified with 0.2 ml concentrated hydrochlorid acid and 
the suspension mixed. To 15 ml of acidified urine 2 ml 0.1M 
acetate buffer (pH 4.8) was added and the pH of the mixture 
brought to a value of approximately 4.8-5.0 by addition of 
4N sodium hydroxide solution. 
The ion-exchange procedure 
The diluted urine sample (3 ml; prepared as in I above) 
was added to the column, and allowed to run through the ion- 
exchange resin'in about 2-3 minutes. The column was then 
washed with two portions of 4N acetic acid (3 ml each) and 
allowed to drip dry again. The oxalate absorbed on the resin 
was eluted with 2 ml hot (90-95°0) 0.5M magnesium chloride 
solution, the colourless eluate (^- 2 ml) being collected into 
a 25 ml (graduated) test tube. 
Colorimetric determination of recovered oxalate 
To the eluate 1 ml acid mixture (4N hydrochloric acid 
and 4N sulfuric acid, 1: 1, v/v) and a strip (1 cm) of zinc 
wire (pretreated as described above) were added. The mixture 
which immediately started production of hydrogen gas was then 
heated in an oil bath at a temperature of 110°C for 105-120 
minutes. The vials were removed from the heating bath and 
allowed to cool in an ice, bath for 15 minutes. For the colour 
reaction, 5 ml chromotropic acid solution were added and the 
mixture mixed vigorously for 30-60 sec. on a vortex mixer. 
To each sample 20 ml of water were added, the test tubes 
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immediately stoppered and mixed' vigorously and-cautiously 
(development of hydrogen gas and heat) on a vortex mixer. 
Absorbance was measured in 1 cm disposable plastic cuvettes 
at 570 nm. - 
In order to establish a calibration curve standard 
oxalate solutions (30,50,,. 100 mg oxalate/1) were carried 
through the chromotropic acid procedure in duplicate, or 
triplicate. 
,. - 
3.2.2 Subchronic toxicity of xylitol in the rat 
3.2.2.1 Animals and diets 
210 male Wistar albino rats were used and randomly 
divided in to three groups of 70 rats. One group was adapted 
to 20 % xylitol diets,; another group received a 20 % xylitol 
diet without prior adaptation 'and the' third- group received' a 
control diet. All animals were caged in groups of five. The 
diets, adaptation and environmental` conditions were as in 2.2.2. 
At frequent intervals 5 rats of each group were sacrificed and 
subjected to macroscopic examination. 
. 3.2.2.2 Histopathological examination 
Sections of the liver, kidneys, adrenals, stomach, daecum 
and bladder were fixed in 10 % neutral buffered formalin. The 
sections were dehydrated with ethanol and embedded in paraffin 
wax blocks. 5, um sections were cut from the blocks, mounted' 
and stained with eosin-haematoxylin according to standard 
-histological procedures 
(Drury and Wellington 1967). 
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3.2.3 A three-generation reproduction study in mice 
3.2.3.1 Animals, diets and adaptation 
NMRI mice (Anticimex AB, Sollentuna, Sweden) were used 
in the study. Environmental conditions, diets and adaptation 
to xylitol diets were as described in chapter II. The animals 
were housed in plastic cages with sterilized wood shavings as 
bedding. Originally 12 females and 3 males in the control 
group and 12 females and 3 males in the xylitol adaptation 
group were selected. Diets and tap water were constantly 
available. Individual body weights were recorded at'about 
weekly intervals. 
3.2.3.2 Conduct of the reproduction study 
When the treated mice had become adapted to 20 % dietary 
xylitol, the mice were mated. There were 4 females and 1 male/ 
mating cage and a total of 12 control females and 12 xylitol 
adapted females were mated. During the breeding period males 
were rotated among the females. After mating females were 
placed in nesting boxes. Each litter of the first generation 
(F1) was culled at 24 hours from birth and the females were 
caged individually until the litters had been weaned, Records 
were made of the number of pups in each litter and of their 
individual weights at weekly intervals. 
i 
The reproduction study was continued after weaning, by, 
selecting 12 females and 3 males. of both dietýgroups, from as 
. many 
litters as possible and maintaining-them on the same 
diets as their parents had received. The'F1, mice were used to 
produce F2-litters and F2'mice for rearing the F3-litters. 
Observations on. litters were the same as described for the 
first generation. 
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3.3 RESULTS 
3.3.1 Xylitol treatment and urinary and faecal changes 
As indicated earlier non adapted rats receiving 20 % 
xylitol in the diet suffered from severe diarrhoea which, 
however disappeared after 8 to 12 days. No signs of diarrhoea 
were noted In rats gradually adapted to 20 % dietary xylitol 
or in rats receiving the control diet. 
The changes in body weight, urine parameters and faeces 
production are summarized in table 3.1. As can be seen, weight 
gains of non-adapted rats were smaller that those of adapted 
or control rats. Also urine-output was somewhat reduced in 
non-adapted rats initially, but when diarrhoea disappeared 
the urinary value returned to the normal range. Urinary pH 
was somewhat reduced in both xylitol treated groups initially 
and stayed significantly lower in non-adapted rats showing 
signs of diarrhoea. Water consumption was fairly similar in 
all three groups throughout the experiment., Urine osmolality 
was significantly reduced in non-adapted rats throughout the 
study. Adaptation to higher doses of xylitol also appeared to 
decrease urine osmolality. Somewhat higher wet stool weight 
was observed in both xylitol treated groups. When diarrhoea 
occurred in non-adapted rats no adequate measurement was found 
to estimate faecal weights. 
No changes were observed in urinary oxalic acid when the 
two groups of treated rats were compared to the controls. 
However., the excretion of calcium in the urine was 
significantly increpsed in xylitol treated rats. A 
. 
smaller 
increase was observed in urinary sodium excretion, but urinary 
potassium levels were decreased during xylitol treatment 
(figure 3.1. ). i 
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Figure, 3.1. The changes in the urinary excretion of sodium, 
potassium and calcium in rats being adapted to 20 % 
dietary, xylitol (o ), rats receiving 20 % xylitol 
diets without prior adaptation (, L) or rats receiving 
control diet (13). Each value is a mean ± S. D. for 
five rats. 
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3.3.2 Subchronic toxicity of xylitol 
Table 3.1. summarizes the weight gains of the three 
groups of rats. Initially, when non-adapted rats suffered 
from diarrhoea there was a decrease in the mean body weight. 
When adaptation. to 20 % xylitol diets occurred the food 
consumption and weight gains returned to normal. At the end* 
of the study non-adapted rats were significantly lighter than 
the two other groups. 
The initial period of diarrhoea in the non-adapted rats 
resulted in decreased food consumption and increased water 
consumption. Apart from this period, no significant 
differences were observed in food consumption and water 
consumption between the three groups. Also, the general 
appearance and behaviour of the rats were normal. After the 
adaptation period all rats tolerated 20 % xylitol diets well. 
During autopsies it was observed that rats receiving 
20 % xylitol diets without prior adaptation exhibited varying 
degrees of caecal enlargement. Caeca were often found full 
of gas or filled with watery digesta. At times gross caecal 
enlargement with abdominal distension was observed. Slight 
caecal enlargement was also seen in rats gradually adapted to 
20 % xylitol diets. No abnormalities were seen in the 
controls. 
The changes in the relative weights of'liver, kidney and 
spleen are shown in table 3.2. 
Many rats exhibited one or more white precipitates in 
the urinary bladder. These were found to be proteinaceous 
and fibrous and the incidence of the precipitates did not 
appear to be treatment related. 
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Histopathological evaluation did not reveal any 
treatment related changes in the liver, kidneys, spleen, 
adrenals or stomach. Among some non-adapted rats a slight 
thickening of mucosa could be detected in the caecum and 
large intestine. However, no changes were observed in the 
submucosal layer or the musculature. 
. 
Histological examination of the urinary bladders revealed 
some cases of focal hyperplasia of the inner epithelium 
(table 3.3. ). In most cases the finding was connected with 
large precipitates in the bladder, but initially no obvious 
causes of the hyperplasia were apparent. In the non-adapted 
rats some inflammätory`type changes'were observed in the 
bladders when animals were sacrificed at the time of 
diarrhoea. 
61 
Table 3.3. Number of male rats with histologically observed 
focal hyperplasia_"of the urinary bladder 
epithelium. Rats were treated either with a control 
diet, a 20 % xylitol diet without prior adaptation 
or a 20 % xylitol diet after gradual adaptation to 
xylitol fi 
Day of Numer of rats with focal hyperplasia of the 
treatment bladder wall/total number of rats 
control xylitol- non-adapted 
adapted 
0 
4 
10 
21 
30 
60 
90 
120 
150 
180 
0/10 0/10 0/10 
0/5 0/5 2/5 
1/5 0/5 1/5 
0/5 0/5 0/5 
0/5 1/5a 2/5a 
1/5a, 1/5a 2/5a 
0/5 0/5 0/5 
0/5 0/5 1/5 
0/5a 0/5 1/5a 
0/5 0/5 0/5a 
a large precipitates also found in the bladder 
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3.3.3 Reproduction study 
No abnormalities of condition or behaviour were observed 
in any of the successive generations of the control or 
xylitol treated groups. However, the body weights of xylitol 
treated animals were decreased when compared to controls and 
significantly lower weight gains were observed in the Po 
litters of xylitol fed animals. The growth figures are shown 
in table 3.4. Eventhough the growth rates were lower in 
xylitol-fed litters no significant differences were noted in 
food consumption after weaning. 
The results of the breedings in each of the three 
successive generations are shown in table 3.5. In all cases 
the percentage of female mice casting a litter was high. 
There were no significant differences in the mean numbers of 
pups per litter. Also, no consistent differences were noted 
between the ratio of male pups and female pups at birth. The 
mean, birth weights were similar in both groups and minor 
variations were observed only in relation to litter size. 
Mortality figures at birth varied very little, out of the 
F2-generation females one xylitol-treated and one control 
destroyed their litters at birth. No treatment related 
differences in mortality figures during lactation periods 
were observed. 
Gross autopsy findings and examinations of the organs 
did not reveal any abnormalities or differences that could be 
related to xylitol-treatment. Only slight increases in the 
caecum size were obsegved in xylitol treated mice. 
63 
N 
0 
43 
C, 
-, -i ýd 
0 
r-I N 
0 
ý 
r-I 
O 
N 
cd 
UN 
}ý . 
ý 
A 
m 
RS 
C) O 
H 
+-ý cd 
o) h0 
99 
't7 0 
H >. 3 
4-4 
0 
. -. 4-1 CO 
o .. 
40 -P to 
9x tkO 
,i 0 >) 
+ý ýd 0 
0a) 
4-3 b cii ýr-i 
. -10 (1) 0 3ý ä 
'd U 
, nai 
W+43, 
4) ý 
ýý3 
et 
M 
4) 
ý 
H 
+ 
+++ 
CD \D %D NM CD 
.""""" 
Lý N ýD CO Cr O 
e- r- 
t 
N 1! N [- N 
Ul %O ýý [+1 N 
"""""" 
ýD 
. ti ý. \p Ol A. 
+ 
+ 
NN CO M 
.- CO tý e- 
t11 lD ýt lfý 
NM 
N %lD 
IIý ýD 
+ 
d- MN CO kD 
Ql 01 lD QN ý- N1 
""""", " 
N tK1 NNMM 
MN %D N 
M st NM 
""" 
ý ý-- ý- ý 
ti CA 
T- . - 
. .- .- 
Ö0 $1 9 0 
. ri . ri VA 
Cd 
ý ý' 
NNN 
ý0 
"ý 
NýN 
Iý 
r"ý-1 
ý 
IQ 
ýý tý 
Hý 
0 
pý{ o Wtz oW 
tz 
U 
"" 
ltl 
0 
0 
V 
a 
+ v 
a) 
a 
ý 
0 
0 U 
a) 
. t: ý 
a 0 
N 
4-1 
44 
a) 
a) 
4-4 
4-1 
-H 
ý ý 
U 
ý 
4-4 
rq 
«-ý 0 
a) 
ý 
N 
(D " +31 
to 
0 
9 
ý 
ý 
ý 3 
"d ý aý ý Ö' 
qO 
aý+ o+ 
cd 
t 
64 
G) 
N 
14 +4 
O 09 
'1-2 -P 
Iv . 0) 
h0 
-r4 4-P 
'd 4-2 
r-i r-i c0 
ON 
r-4 
ýa z Cd 
, i" , 0 
N 4) 
N 
Cd +i 
.0 -P N 
4J 
N Y1+ý Q) ri N 
+21 
co 
(D +2 
Cd 
a) N 
+ý U 
aD 
U .i 
y-1 ý--1 El 
H +' 
z ý 
w- 
0 
aý" 
pu 
cd d 
g aý. fN +ý 
O cß 
O +b N 
AI () a) 
nDb p d 
-f -4 z PO 
bý 
00 
F1 U 
RI 
a) a3 P 
--A .0 m -P -d ý3 b 
.p 
in o 
. 
Mý i-ý . .. Cd 
C) FI 
.0 FS cd C) 
H CS 
. -. -. 
N N' OD Co ' Co cß 
ý-- l0 NO ýO M 
"""""" 
ýO ýO ýO N ýO l0 
co Ný Q1% co 
"""""" 
\D ý [ý CO NN 
00OMO 
Pa 
PI 
:3 02 
N Q) 
cd 
3 
txo a 
ý 
0 
0 
0 
H W 
cd 
0 
-P 
aý 
G) 
-ri qd 
FI 
G) 
4-21 
ý 
, -1 H 
d 
cd 
0 
rll LA U1 oM Ui 
ti NNo co c- 
I- 
NN 
T" T- 
NN 
r- ý- 
NN 
V- r- 
000 
ý 
Cd cd 
P 14 
qööýöööö 
ya 
t0 
1ýý 
öI ö 1 +' 
0 
W PU P4 PC U Py 
tz 
to) cß 
65 
3.4 DISCUSSION 
There was a significant increase in the urinary excretion 
of calcium in rats fed 20 % xylitol diets with or without 
prior adaptation. (figure 3.1. ). At the 'same time urinary 
potassium excretion was decreased in xylitol treated rats. 
The change in urinary sodium excretion in connection with 
xylitol treatment did not appear to be significanlty, different 
when compared to rats consuming control diets (figure 3.2. ) 
The increase in urinary calcium excretion may be connected 
with the calcium oxalate crystal formation observed in-test 
animals in chronic xylitol feeding studies (Hunter et al. 
1978 a). Oxalate stone formation is thought'to-be caused 
partly by the. supersaturation of urine with calcium 
(Hodkinson 1977) and therefore the observed increase in 
urinary calcium may favour calcium oxalate crystal formation. ' 
Potassium depletion is thought to be one of the causative 
factors in stone formation. , 
The decreased potassium 
excretion could be an indicator of decreased potassium 
absorption or increased potassium loss through diarrhoea. 
However, in the chronic xylitol feeding studies no calculi 
were observed in rats (Hunter et al. 1978 b). One of the, 
reasons for this may be the excretion , of, 
oxalic acid, wich 
does not appear to be increased in rats, (table 3.1. ). 
The rat subchronic feeding study did not reveal-any 
toxic symptoms other than caecal enlargement in xylitol 
treated rats. No gross histological changes were observed, 
but there was'some irritation of the bladder epithelium in 
non-adapted rats when the 20 % xylitol treatment was started. 
However, at the same time the animals suffered from severe 
diarrhoea and urine flow was significantly reduced. Therefore, 
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the irritation of bladder wall (table 3.3. ) may have been 
caused by changes in the urine composition due to loss of 
water in faeces (table 3.1. ). The irritation resulted in 
focal hyperplasia of the bladder-wall epithelium, but these 
changes were not observed after the diarrhoea had 
disappeared. 
No abnormalities were observed in the three generation 
reproduction study. The only significant effect of xylitol 
feeding was the reduced weight gain of the pups of xylitol 
fed mothers. Since no malformations were observed and other 
parameters were similar in control and xylitol fed litters it 
is concluded that a 20 % xylitol diet in NMRI mice does not 
have any significant effect on the reproductive function of 
the animals. 
In conclusion, the major abnormality observed in rats 
fed 20 % xylitol diets for six months was caecal 
enlargement of varying degree. This phenomenon will be studied 
and discussed further in chapter IV. The main finding in 
urine analysis was the significantly increased calcium 
excretion in relation to xylitol treatment. Increased urinary 
calcium excretion may be connected with crystal formation as 
discussed later. Xylitol did not have teratogenic effects in 
NMRI mice, but reduced weight gains were observed among the 
pups of xylitol-fed dams. Other undesirable effects were not 
observed. 
i 
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CHAPTER IV 
EFFECT OF_XYLITOL ON THE SIZE OF CAECUM IN RATS AND MICE 
68 
4.1 INTRODUCTION 
Enlargement of the caecum has been found in rats and 
mice after feeding a wide range of dietary components. Some 
polyols such as sorbitol and maltitol have induced. caecal 
enlargement in the rat and mouse (Morgan and Yudkin 1957, 
Hosoya 1972). Also xylitol has been observed to cause caecal 
enlargement when administered for prolonged periods to rats 
(Hunter et al. 1978). Caecal enlargement can be-caused by 
feeding of various glucose syrups and dextrins (Birch et al. 
1973, Etheridge 1974), lactose (Reussner et al. 1963) and 
various starches (El-Harith et al. 1976). It has also been 
reported that the caecum is reversibly enlargened in germ- 
free animals (Syed et al. 1970, Gustafsson and MaunsbAch 
1971, Freter and Abrams 1972, Koopman and Kennis 1980). In 
germ-free animals the relative caecal weight shows a relation 
to the number of bacterial strains present in the caecum. 
Oral administration of antibiotics which results in 
I 
disturbances in the caecal flora has also been reported to 
cause caecal enlargement in the rat (Syet and Dubos 1968). 
Some compounds known to induce caecal enlargement in rats 
are listed in table 1. 
Within the gastrointestinal tract of rodents the caecum 
is a sac located between the distal ileum and the colon. 
Therefore, slowly absorbed compounds are more likely to-reach 
the caecum'and have an'effect on the contents. Caecal 
enlargement is commonly observed in toxicological studies of 
food additives. -In 1972 the Joint FAO/WHO 
Expert Committee on 
Food Additives decided that caecalenlargement per se was 
physiological unless other toxicological changes were 
observed. 
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Table 1. Compounds known to induce caecal enlargements in 
rats 
CARBOHYDRATES AND DERIVATES 
raw potato starch, raw arrow-root starch, 
alginates, high molecular weight glucose syrup, 
lactose, maltitol, 
arabinose, sorbitol, 
chemically modified starches, caramels 
OTHER COMPOUNDS 
magnesium sulphate, polyethylene glycol, 
food colours (Erythrosine BS, Yellow 20), 
surface active agents (quaternary ammonium compounds), 
antibiotics 
Since caecal enlargement in the rat has been associated 
with the consumption of high doses of xylitol{ a series of 
experiments was undertaken to study this phenomenon. The 
first experiment was designed to study the short term effects 
of xylitol feeding on caecal size in rats and mice. In a 
second experiment, long term effects of different xylitol 
diets were studied in the rat. A third experiment was 
designed to study the reversibility of xylitol induced caecal 
enlargement and in a fourth experiment the effects of xylitol 
diets on the development of caecal enlargement in the pups of 
xylitol fed mice were examined. 
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4.2 EXPERIMENTAL 
4.2.1 Animals and diet's 
Male weanling Wistar albino rats of an SPF derived 
colony (University of Surrey), male weanling Sprague-Dawley 
rats of an SPF derived colony (University of Helsinki) or 
male NMRI weanling mice (Anticimex AB, Sweden) were used in 
all experiments described in this chapter. Diets and 
environmental conditions were as described earlier (2.2.1; 
2.2.2). 
Post mortem examinations were conducted on each animal 
used. The caecum and the stomach were weighed when filled and 
when empty. The volume of the organs was determined by placing 
the stomach or caecum with its contents into a known volume 
of distilled water and the caecal and stomach volumes were 
recorded by measuring the displacement of water. 
4.2.2 Experimental protocols 
Experiment 1 
In the first experiment three groups of 10 Wistar albino 
rats, 10 Sprague-Dawley rats and 10 NNRI mice were fed a 
control diet, a 20 % xylitol diet without adaptation or a 
20 % xylitol diet after gradual adaptation to. xylitol. All 
treatments lasted for 30 days. Behaviour, general condition 
and weight development, as well as food and water 
consumption were recorded. In the postmortem examinations the 
weights of the caecum with and without contents, as well as 
caecal volume were determined. Animals were fasted 
for 12 
hours before they were killed by cervical dislocation. 
I 
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Experiment 2 
During the second experiment 180 male rats were caged in 
subgroups of five. Animals were randomly divided into two 
treated groups and one control group each consisting of 60 
animals. The treatments were as described in experiment 1. 
The animals were kept on their respective diets (control diet, 
xylitol adaptation, and the non-adapted regimen) and at 
frequent intervals subgroups of five rats were sacrificed 
after a 12 hour fast by cervical dislocation. The caecum, 
stomach and intestinal sections were examined and weighed. 
All examined tissues were fixed in neutral buffered formalin, 
dehydrated with ethanol and embedded in paraffin wax blocks. 
The blocks were out into 5 um sections, mounted and stained 
with eosin-haematoxylin according to standard histological 
procedures (Drury and Wellington 1967). 
Experiment 3 
In order to determine the possible reversibility of 
caecal enlargement which has been shown to occur in rats 
treated for long periods with high doses of xylitol, feeding 
studies with rats were carried out with 10 or 30 days' 
pretreatment with a 20, E xylitol diet and a post treatment 
period lasting for 30 and 60 days' with a control diet. 
Groups of 5 juvenile'Wistar albino rats received 20 % 
xylitol diets without priör adaptation for the whole treatment 
period. Each control group consisted of 5 animals. 'The'- 
behaviour and general condition of the animals were 'observed 
and postmortem examinations were conducted as described 
earlier. 
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Experiment 4 
This experiment was conducted to determine the effect of 
xylitol on the caecum size of mice exposed to xylitol via the 
dam in utero and from birth, first indirectly through the 
mother, then directly through the diet containing 20 % xylitol 
without prior adaptation. 
Pregnant female NMRI mice fed either a control diet or 
gradually adapted to 20 % xylitol diets were used. During 
pregnancy, lactation and weaning the mothers and pups were 
kept on their respective diets (20 % xylitol or control). At 
regular intervals groups of 5 pups were killed under ether 
anaesthesia. Caeca and stomachs were removed and the relative 
weight and volume of the organs were measured. 
4.3 RESULTS 
The consumption of 20 % xylitol diets without prior 
adaptation resulted. in diarrhoea in all animals used. Profuse 
diarrhoea and meteorism were observed both in Wistar rats and 
NMRI mice. A more transient and less severe diarrhoea was 
recorded in Sprague-Dawley rats. Adaptation to 20 % xylitol 
diets was observed within 10-15 days of treatment after this 
period no cases of diarrhoea were recorded. At times, soft 
stools were noted in xylitol treated animals. The behaviour 
and general condition of the animals were good after 
adaptation to xylitol diets had taken place. When diarrhoea 
occurred increased water consumption and loss of appetite 
were seen in xylitol treated animals. 
The first experiment indicated . 
that, after gradual 
adaptation to 20 9ö xylitol slight, caecal enlargement occurred 
in Wistar rats, Sprague-Dawley rats and NMRI mice. Consumption 
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of 20 % xylitol diets without prior adaptation resulted in 
significantly larger caecal sizes in both species (table. 4.2. 
However, it was noted that meteorism and gas production were 
observed in NMRI mice and Wistar rats, but no in Sprague- 
Dawley rats. Using as parameters empty and full caecum 
weights and full caecum volumes (table 4.2. ) xylitol 
treatment was clearly connected with the enlargement of the 
caecum. 
ý" 
During the six-month study of xylitol induced caecal 
enlargement in Wistar rats it was observed that gradual 
adaptation to 20 % xylitol diets caused a gradual increase in 
the filled caecum weight and almost doubled the empty caecum 
weight. Also the full caecum volume was increased (table 4.3. ). 
When 20 / xylitol diets were given without prior adaptation 
the relative filled caecum weight was initially nearly 
tripled after 10 days of treatment. A two-fold increase was 
observed in the empty caecum weight and the filled caecum 
volume. However, the magnitude of these changes was transient 
and the caecal sizes started decreasing after 30 days of 
xylitol treatment. The changes in caecal sizes correlated well 
with the changes in caecal contents (table 4.4. ). The relative 
weights of stomach and stomach tissue showed no treatment 
related changes (table 4.5. ). 
A 10 day or a 30'day pretreatment of Wistar rat's with 
20 % xylitol diets resulted in significant increases in the 
size of the caecum (figure 4.1. ). When the rats were returned 
to control diets a significant decrease was observed in the 
caecal siz6 30 days after withdrawal from xylitol treatment. 
After a 60 day period on the control diet the size of the 
caecum in treated animals was virtually the same as that in 
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the untreated controls (figure 4.2. ). 
The development of caecal size in pups of control mice 
and pups of mice receiving 20 % xylitol diets is shown in 
figure. 4.3. The relative caecum size was increased in pups of 
xylitol fed mothers. Xylitol fed pups had also decreased 
weight gains after weaning when compared to controls. No 
signs of diarrhoea were observed in xylitol fed pups and the 
relative caecal weights started decreasing when the pups were 
about 20 days old. 
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4.4 DISCUSSION 
During the adaptation period to xylitol no cases of 
diarrhoea were observed eventhough some of the animals 
initially had softer stools than normally and initially. 
However, there were no significant differences between the 
weight gains of xylitol-adapted and control rats. Also the 
general state of the animals was good which indicates that no 
obvious stress was connected with xylitol consumption. The 
results are, however, quite contrary*to those of Wekell et 
al. (1980) who claim that half of the rats used in their 
study were not able to adapt to xylitol, but showed constant 
signs of diarrhoea. 
When the rats in-the present study were administered a 
20 % xylitol diet without previous adaptation all animals 
suffered from severe watery diarrhoea about 12-24 hours after 
the start of the ad libitum feeding. When treatment was 
continued the diarrhoea was persistent for 6-10 days, but 
gradual adaptation occurred and the signs of diarrhoea 
started disappearing. After two-weeks all animals had become 
adapted to a 20 % xylitol diet. These results are also in 
sharp contrast with those of Wekell et al. (1980) who indicate 
even some mortalities occurred in non-adapted animals. 
The results presented here confirmed the reports that 
the feeding of 20 % xylitol diets without prior adaptation 
caused gross caecal enlargement in Sprague-Dawley rats, 
Wistar rats and NMRI mice. -Rats fed 20 %'xylitol diets after 
gradual. adaptation also developed caecal enlargement which 
was increased when xylitol treatment was prolonged (table 
4.3. ). No effect on stomach size was observed but in xylitol 
treated animals some enlargement and swelling of distal small 
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intestine and large intestine occurred. 
In non-adapted animals in which xylitol induced 
diarrhoea was observed rapid enlargement of the caecum was 
also seen (table 4.3. ). Diarrhoea was often a transient 
phenomenon, but there was no doubt that high doses of xylitol 
induced diarrhoea. Diarrhoea is also the first effect 
observed in rats fed diets containing chemically modified 
starches. Although soft stools are seen caecal enlargement is 
also the most striking effect induced by chemically modified 
starches in feeding studies with rats (de Groot et al. 1974; 
El-Harith 1977). 
Caecal enlargement caused by xylitol feeding was almost 
completely reversed 30 days after the withdrawal of xylitol 
(figure 4.1., and figure 4.2. ). A similar observation was 
made by El-Harith (1977) in connection with potato starch 
feeding. He suggested that caecal enlargement was a process 
of physiological adaptation to the presence of undigested 
material in the diet. Large doses of dietary xylitol are 
known to increase xylitol concentration in the caeca of 
animals no adapted to xylitol (Bässler 1969). Therefore, it 
appears that at least partly xylitol induced caecal 
enlargement is a process of physiological adaptation to an 
increased load of fermentable sugar. However, caecal 
enlargement also gradually developed in rats adapted to 
dietary xylitol (table 4.3. ) and similar changes were reported 
by Hunter et al. (1978). Caecum enlargement in adapted 
animals may have something to do with'the slow absorption of 
xylitol which may lead to slightly increased bulk of the 
caecal contents-and thereby to gradual enlargement of the 
caecum. Increased bulk in the caecum was observed in both 
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gradually adapted and non-adapted rats (table 4.4. ). Also gas 
formation in, the caecum was observed. especially in non-adapted 
animals. Increased volume of. caecal contents and gas may have 
increased the distension of the caecum gradually leading to 
caecal enlargement. 
The results indicated that caecal enlargement was 
developed in litters'of xylitol treated female mice. However, 
when the pups themselves were exposed, to"20 % xylitol diets 
from the time of weaning the relative size of the caecum 
gradually decreased. The decrease was probably due to 
decreased bulk in the caecum after adaptation to dietary 
xylitol. 
An alternate possibility that may be responsible' for the 
observed caecal enlargement is that there are changes in the 
intestinal microflora when large amounts of xylitol, a 
potential fermentable substance, are present in the caecum. 
It is well known that microbial populations in some way may 
alter caecal size. In germ-free rodents the caecum becomes 
grossly enlarged (Coates and Fuller 1977; Gordon and Pesti 
1971) and the contents'of the caecum and lower bowel are more 
fluid than in conventional animals. The, caecal sac becomes 
greatly distended and, with its contents, may be 30 % of total 
body weight. The total thickness of the caecal wall is 
decreased in germ-free-animals. Our results, however, did not 
indicate any changes in caecal morphology. In the case of 
xylitol the intestinal and oaecal microflora may have adapted 
qualitatively and quantitatively to the increased mass of 
xylitol reaching the caecum. It has been suggested by Förster 
(1978) that osmotically agtive but partly unabsorbable 
metabolites of xylitol may favour fluid retention and 
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production of gas resulting in caecal distension. 
Caecal enlargement in relation to xylitol ingestion may 
be a process'of physiological adaptation since it does not 
appear to affect the well-being of the animal. In fact the 
increased absorption of xylitol observed after xylitol 
adaptation may be partly connected with caecal changes 
resulting in improved absorption of xylitol from the caecum. 
In conclusion, it appears that xylitol induced caeca]. 
enlargement in rodents is caused by the slow absorption of 
xylitol from the small intestine. The rise of xylitol content 
in the caecum may increase the amount of osmotically active 
material in the intestines and change the composition of 
intestinal microflora. Partly caecal enlargement appears to be 
caused by the increased bulk and gas formation which result 
in caecal distention. 
In conclusion since no changes in caecal morphology can 
be observed and the enlargement was shown to be a reversible 
process it appears that xylitol induced caecal enlargement in 
rodents is merely a physiological adaptation process. Further 
experiments aimed at elucidating microbial changes involved 
are described in chapter V. 
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CHAPTER V 
THE EFFECTS OF XYLITOL FEEDING ON THE MICROFLORA OF THE GUT 
87 
5.1 INTRODUCTION 
Microbial development in the gut of any animal is 
controlled by two main factors, the rate of passage of digesta 
and the degree of acidity of the contents. All major groups 
of microbes are represented in the gut, but since 
anaerobiosis prevails in most intestinal environments, 
obligately aerobic organisms are generally regarded as 
transient contaminants. 
Xylitol and other polyols are thought to be absorbed by 
passive diffusion. Due to the slow absorption high doses of 
xylitol are probably not absorbed extensively from the small 
intestine and thus at least some xylitol reaches the region 
of the large intestine. Usually any sugar not absorbed from 
the small intestine will be metabolised by the flora to a 
range of fatty acids, gases and alcohols which may exert a 
laxative effect. In the case of sorbitol the bacteria have 
been shown to form products with lower molecular weight and 
greater osmotic effectiveness (Förster 1978, Hill 1978). 
According to Förster (1978) the metabolic formation from 
xylitol of decomposition products is small. This is thought 
to be due to the lack of bacterial utilization of xylitol. 
Indeed, in dental studies no major oral microorganisms have 
been found capable of fermenting xylitol (Havenaar et al. 
1978; Mäkinen 1978; Scheinin 1978). 
In spite of the bacterial effects of xylitol observed 
with dental microorganisms there are very few studies on the 
effects of dietary xylitol on the intestinal flora of. 
laboratory animals and man. Only one study has been 
specifically concerned with the intestinal effects of xylitol 
in man. Dubach et al. (1973) investigated the in vivo action 
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of xylitol on the stool flora in twelve human volunteers. 
During the study xylitol was administered orally over 14 days 
in daily increasing doses of 10 g/day to a maximum of 80 g/ 
day. 'Side-effects were noted in form of abdominal distension- 
and diarrhoea. An influence on the quantitatively major stool 
flora could not be proven, but some less important aerobic 
organisms decreased numerically without completely 
disappearing. 
Rofe et al. (1980) studied the induction of xylitol 
metabolism in the gut. flora of the rat. It was observed that 
the ability of rat caecal contents to metabolise xylitol to 
carbon dioxide was increased 12-fold by feeding xylitol. 
However, growth on xylitol could not. be demonstrated by 
xylitol metabolizing microbes. Wekell et al. (1980) reported 
increased numbers of Clostridium perfringens in the intestinal 
tract of rats fed xylitol. However, other studies do not 
appear to support this result (Rofe et al. 1980, Dubach et 
al. 1973). 
This chapter describes a series of experiments designed 
to investigate the effects of xylitol on the gastrointestinal 
microorganisms-in laboratory animals and man. 
5.2 MATERIALS AND METHODS 
5.2.1 Animals and diets 
Weanling Wistar albino rats, Sprague-Dawley rats and 
NMRI mice were used as described in 2.2.1. In addition, CD-1 
mice of an inbred. SPF-derived"colony (University of Surrey) 
were used. The diets and environmental conditions were as 
described earlier (2.2.1, -2.2.2 and 2.2.3). 
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5.2.2 Laboratory supplies 
Xylitol, D-sorbitol and fructose were supplied by 
Xyrofin AG, Baer, Switzerland. All'other chemicals were 
obtained from Sigma London Ltd. Microbiological media and 
other supplies were from Difco. 
5.2.3 Microbiological methods 
Preparation of caecal and faecal flora samples 
Freshly collected faeces or isolated caecal contents 
were transferred into an anaerobic glove-box, weighed and 
homogenized 20 % (w/w) with deaerated Ringer's medium. The 
medium was prepared to contain sodium (130 mmol/1), 
potassium (4 mmol/1), calcium (1.5 mmol/1), chloride (109 mmol/ 
1) and acetate (28 mmol/1). 
The 20 % (w/w) suspension of caecal contents or faeces 
in physiological saline was centrifuged at 100 xg for 1 min 
at 40C to remove food debris. The supernatant fraction from 
this centrifugation provided the caecal or faecal flora 
preparation. The procedure was similar to that of Aranki et 
al. (1969). 
The Gram-staining procedure 
The Gram-staining was conducted using the standard 
method provided with Bacto Gram Stain set (Difco). Standard 
loopfuls of caecal suspensions were heat fixed and stained. 
The. relative amounts of gram positive and gram negative 
bacteria were estimated by. a direct microscopic counting 
under a highpower microscope. The organisms were counted in 
standard fields. 
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Faecal parameters 
The dry weight and the moisture content of the faeces 
collected at regular intervals were determined by vacuum 
drying. The pH of faecal suspensions from. fresh and dried 
faeces was also determined. 
Dilution and inoculation of faecal specimens 
Ten-fold dilutions of the specimens were prepared in 
oxygen-free diluent in an anaerobic chamber using a spring 
loaded pipette. A fresh pipette tip was used for each 
dilution. Aliquots (0.1 ml) of the dilution series were then 
spread on plates of oxygen-free agar. The plates were then 
incubated in the anaerobic chamber or in aerobic incubators 
(Aranki and Preter 1972). 
Culture media 
Prereduced anaerobically stored media, plated and 
inoculated in the anaerobic chamber (Forma Scientific, USA) 
were used for the isolation of anaerobes throughout this 
study. 
Most of the media used in the isolation of caecal 
microorganisms were available in dehydrated form and were 
prepared according to the directions of the manufacturer. 
The selective properties of media used in culturing faecal 
flora are described in'table 5.1.. 
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Table 5.1. Selective properties of culture media used in 
culturing caecal microflora of rats 
Medium Abbreviation Microbial 
group 
selected 
Blood agar base plus 70 ml defibrinated horse blood/ Total 
1000 ml medium (Difco) BA aerobes 
Neomycin blood agar (with 
added reducing agent) 
plates based with Columbia 
agar 
completed with the following 
addition to 400 ml Columbia 
agar: 
25 ml 
2 ml 
Horse blood, 
of 10.00 g/ml Neomycin 
Solution, 
1 ml of Haemin (200 mg/100'ml 
stock solution), 
4 ml of Sodium formaldehyde 
sulphoxy ate, g stock), 
4 ml of 10 yo L-C steine HCL 
solution 
Total 
BN anaerobes 
Neomycin blood agar Aerobic (aerobic incubation) BNA streptococci 
Neomycin blood agar (the difference 
between total anaerobes and same Anaerobic 
plates after aerobic incubation) BN streptococci 
Saboraud dextrose 
chloramphenicol agar 
Bacterial counting 
SD Yeasts 
Each dilution was plated and incubated at least in 
duplicate and the numbers of colony forming units were 
counted on all plates. Essentially the methods were the same 
as described by Aranki and Preter (1972) rind Brown et al. 
(1978). 0 
Differences between the bacterial counts were considered 
significant when the'means including the standard deviation were 
over one logarithmic cycle apart (Dubach et al. 1973). 
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5.2.4 Biochemical determinations 
Determination of xylitol 
Xylitol was determined using a high pressure liquid 
chromatograph coupled with a refractive index detector (Varo 
et al. 1979). 
Basically xylitol containing caecal suspensions were 
concentrated by freeze-drying, purified using an ion exchange 
resin and analyzed according to the method described by Varo 
et al. (1979). 
Determination of the pH of faeces and caecal contents 
Freshly collected faeces or vacuum dried faeces was 
suspended to distilled water (5 % w/V) at 4°C and 
centrifuged lightly. The pH of the slurry was determined. 
5.2.5 Experimental protocols 
Animal studies 
Experiment 1 
The first experiment was designed to study the effect of 
dietary xylitol on the ability of caecal flora to metabolise 
xylitol. Wistar albino rats were either fed a control diet or 
gradually adapted to 20 % xylitol diets. The ability of 
caecal suspensions from control and xylitol adapted rats to 
metabolise, xylitol was assessed by assaying for xylitol 
concentration and. pH changes. Also, the pH of caecal contents, 
freshly collected faeces and dried faeces (as a water slurry) 
were determined. 
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Experiment 2 
The second experiment was designed to investigate the 
effect of the two xylitol diet regimens (gradual adaptation 
to 20 % xylitol diet or a 20 % xylitol diet without prior 
adaptation) and a 20 % sucrose diet (without prior 
adaptation) on the numbers of major groups of bacteria in the 
faeces of treated rats. The numbers of total aerobes, total 
anaerobes, aerobic and anaerobic streptococci and yeasts were 
followed. Samples of faecal flora were stained by the gram 
staining method to identify changes in gram positive and gram 
negative bacteria. All determinations were made at least once 
a week during the treatment period. 
Experiment 3 
In order to compare the effects of xylitol and sorbitol 
on the faecal flora of rats another study involving the 
counting of faecal bacteria was started. Male Wistar albino 
rats were gradually adapted to 20 % xylirtol or sorbitol and 
changes in the numbers of faecal bacteria were followed. For 
the evaluation of the effects of various carbohydrates on the 
ratio of gram positive to gram negative 
bacteria 110 rats 
were divided in to 11 groups of ten rats. Each group was fed 
a diet containing 20 % added carbohydrate. The carbohydrates 
used were glucose, xylitol, sorbitol, mannitol, xylose, 
lactose, galactose, sucrose and fructose. Faecal samples were 
collected and gram stained to determine the ratio of gram 
positive to gram negative bacteria. 
Experiment 4 
Another study on the effects of xylitol diets on the 
numbers of faecal bacteria was conducted on CD-1 mice. The 
purpose of the study was to determine whether similar changes 
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to those observed in the rat could also be seen in mice. The 
procedure was the same as in experiment 2 but CD-1 mice were 
used instead of Wistar albino rats. 
5.2.6 A human volunteer study 
Six healthy volunteers who had not been previously 
exposed to xylitol were selected for the study. The 
volunteers were asked to fast overnight for 12 hours before 
the test. After the fast a 200 ml test drink containing 30 
grams-of xylitol was served to the subjects and they were 
asked to consume it within five minutes. 
The general state of the volunteers was followed for 
five hours to record any possible early gastrointestinal 
problems arising from the consumption of the test substance. 
Faecal collections were conducted twice before the test 
situation and each subject was asked to provide a specimen 
from the two faecal productions immediately following the 
test. Specimens were placed in preweighed aluminum 
containers filled with charcoal-water anaerobic transport 
medium (Lennette et al. 1974). After production the samples 
were brought to the laboratory as soon as possible and 
treated as described earlier. 
5.3 RESULTS 
Animal studies 
The ability of the caecal flora 'to utilise xylitol 
The adaptation to 20 % dietary xylitol increased the 
ability of caecal flora preparations to utilise xylitol, in 
vitro as the sole carbon source (figure 5.1. ). However, this 
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increased ability was mainly observed among anaerobic 
bacteria. The caecal preparations from xylitol-adapted 
animals showed very small ability to utilise xylitol in 
aerobic conditions as measured by either the disappearance of 
xylitol from the fermentation medium or as acid production 
(figure 5.2. ). Considerably more acid was produced from 
xylitol in anaerobic conditions and the fermentation 
proceeded significantly faster when caecal suspensions from 
xylitol-adapted rats were used (figure 5.2. ). Aerobic 
incubations with xylitol as the sole carbon source did not 
appear to promote acid production whereas aerobic 
incubations of these suspensions with glucose resulted in 
rapid acid production (figure 5.2. ). 
When fermentation tests were conducted xylitol was 
mainly metabolised by anaerobic bacteria, while sorbitol was 
clearly metabolised by both anaerobic and aerobic bacteria 
as were the other sugars examined (table 5.2. ). 
Faecal parameters 
Figure 5.3. summarises the effect of dietary xylitol and 
xylitol adaptation on the pH of the faeces. The results show 
an initial decrease in the pH of faeces when xylitol is 
introduced into the diet, but the pH returns to normal quite 
soon during the adaptation period-and subsequent 
continuation of xylitol treatment. Similar pH changes were 
also observed when the caeca were examined. . 
The effect of xylitol on the composition of the flora 
The. gradual adaptation was associated with a gradual 
increase in the relative proportion of''gram positive bacteria 
in the faeces. Originally, 25-30 % of the faecal bacteria 
. were gram positive, whereas after the adaptation to 20 % 
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Figure 5.1. The metabolism of xylitol and glucose by caecal 
bacteria from xylitol adapted rats and control rats. 
The metabolism is expressed as the percentage recovery 
of carbohydrate in the medium as measured by high 
pressure liquid chromatography after in vitro 
anaerobic incubation.  = glucose medium with caecal 
bacteria from control rats, "a xylitol medium with 
bacteria from the caeca of xylitol-adapted rats, 
'0 = xylitol medium with caecal bacteria from control 
rats. Each point is a mean t SD for 3 determinations. 
Significant differences from glucose control are 
indicated with an asterisk (p 40.001). 
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Figure 5.2. Acid production of bacterial suspensions from the 
caeca of control and xylitol adapted rats in a 
medium containing xylitol as the sole carbon'sources 
Glucose medium was used as a positive control and 
all incubations were carried out either in an 
anaerobic glove box or in aerobic incubators. Each 
point is a mean 1 SD for at least 3 determinations. 
A and n= xylitol media, aerobic incubation; 
"t, and 0= xylitol media, anaerobic incubation; 
Q and  = glucose medium, anaerobic incubation. 
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xylitol in the diet about 70 % of the bacteria present in the 
faeces were gram positive (figure 5.5. ). In comparison, the 
animals fed a 20 % xylitol diet without adaptation intially 
developed a watery diarrhoea with a concominant disappearance 
of gram positive organisms from the faeces. However, when the 
diarrhoea gradually disappeared the. proportion of gram positive 
bacteria in the faeces started increasing and finally after 
3-4 weeks of treatment reached the levels observed in rats 
gradually adapted to xylitol (figure 5.4. and figure 5.5. ). 
In both xylitol-treated groups the major changes associated 
with the treatment were the increase in the number of gram 
positive cocci and the decrease in the number of gram 
positive bacilli. No clear changes in bacterial type were 
observed among the gram negative bacteria. 
The effects of the treatment of rats with various 
carbohydrates and the consequent changes in the ratio of 
gram positive to gram negative bacteria in the faeces are 
summarised in table 5.3. Glucose, fructose and sucrose-did 
not appear to have any effects at 20 % dietary levels on the 
percentage of gram positive or gram negative bacteria in the 
faeces. Xylitol, sorbitol and mannitol on the other hand 
seemed to alter the occurence of these types of bacteria 
significantly. Initially there was a sharp decrease in the 
numbers of gram positive bacteria present, but later when 
treatment was continued the gram positive bacteria started 
increasing. Galactose, mannose and lactose caused smaller 
changes (table 5.3. ). 
Figure 5.6. summarises the-occurence of diarrhoea among 
rats treated with 20 % dietary carbohydrates without 
adaptation. Sorbitol, xylitol and mannitol treatment (20 % 
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in the diet) resulted in watery diarrhoea in most of the 
animals during the first day of treatment. Xylose, lactose 
and mannose also caused diarrhoea in some of the treated 
animals but it was transient. Glucose, fructose and sucrose 
did not appear to have any effects on the consistency of the 
faeces. Eventhough diarrhoea was observed during the treatment 
of rats with some of the carbohydrates all animals became 
adapted toýthe particular sugarswithin the first two weeks. 
Effect of xylitol on the faecal flora of the'rat 
During the gradual adaptation period when xylitol we 
introduced into the diet fresh faecal specimens from each 
animal were examined weekly for bacterial content (see tables 
5.4., 5.5. and 5.6. ). Control and xylitol rats were compared 
with sucrose treated animals at various sampling times during 
the adaptation. Although statistically significant differences 
were recorded at times, there were no clear trends in the 
numbers of bacteria present in the faeces which could be 
related either to the adaptation to xylitol or to the duration 
of the treatment. The only effect observed in the xylitol- 
treated animals was the statistically significant decrease 
in the. numbers of aerobic streptococci. A similar, but less 
pronounced decrease was also observed during sucrose treatment 
(table 5.4. ). 
When rats were gradually adapted to 20 % xylitol in the 
diet a transient decrease in the numbers of yeasts in the 
faeces of the treated animals was noted.. In contrast sorbitol 
appeared to increase the numbers of aerobic organisms in the 
faeces, but no significant effects were observed on anaerobic 
bacteria (table 5.7. ). 
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Table 5.7. The effect. of sorbitol and xylitol treatment on the 
numbers of various bacteria in the faeces of rats 
gradually adapted to 20 % dietary sorbitol or 
xylitol. Each value is a mean t SD for at least 4 
rats. 
% POLYOL 0 10 20 
Bacteria Log colony forming units/gram faeces 
YEASTS 
Control 9.69 9.73 9.45 
25 ±. 18 ±. 33 
Xylitol 9.80 7.60 9.10 
±. 31 ±. 42 ±. 47 
Sorbitol 10.30 9.70 9.82 
±. 30 ±. 22 ±. 20 
AEROBIC STREPTOCOCCI 
Control 7.60 7.53 7.70 
±. 21 ±. 32 -. 27 
Xylitol 7.53 7.60 "7.22 
±. 20 ±. 15 -}. 10 
Sorbitol 7.98 7.05 7.11 
±. 15 ±. 15 -x'. 11 
TOTAL AEROBES 
Control 9.71 9.96 9.30 
±. 23 ±. 10 ±. 65 
ylitol 9.50 8.90 8.40 
±. 36 ' ±. 31 ±. 70 
Sorbitol 9.10 9.13 10.50 
±. 12 ±. 43 1.33 
TOTAL ANAEROBES 
Control 10.60 10.70 10.92 
±. 11 ±. 15 ±. 10 
Xylitol 10.12 10.85 10.05 
±. 15 ±. 17 +. 25 
Sorbitol 10.20 10.34 11.00 
±. 22 ±. 17 1.11 
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Table 5.8. The changes, in the numbers of various bacteria in 
the faeces of mice gradually adapted to 20 % 
dietary sucrose or xylitol (A) or treated with 
20 % dietary xylitol without adaptation (NA). Each 
value is a mean t SD for at least four mice 
% SWEETENER 0 10 20 
Bacteria Log colony forming units/gram faeces 
YEASTS 
Control 8.11 8.27 9.07 
±. 14 1.15 ±. 21 
Sucrose 8.66 9.96 9.89 
±021 ±. 56 ±. 23 
Xylitol (A) 9.30 9.73 8.50 
±. 22. -. 12 ±. 33 
ylitol (NA) 9.00 - 10.22 
±. 17 ±. 13 
AEROBIC STREPTOCOCCI 
Control 9.08 9.40 9.32 
+. 13 ±. 14 -}. 20 
Sucrose 9.32 8.74 8.30 
-. 19 -. 19 
±. 21 
ylitol (A) 8.72 8.19 7.12 
±. 11 ±. 21 ±. 89 
ylitol (NA) 8.46 - 10.13 
±. 21 ±. 41 
TOTAL AEROBES 
Control 9.08 9.76 9.83 
±. 13 ±. 10 ±. 21 
Sucrose 9.04 9.45 10.27 
±. 18 20 ±. 10 
ylitol (A) ! 8.89 9.59 10.68. 
±. 11 ±. 10 ±. 39 
Xylitol (NA). 9.83 - 10.66 
±. 31 ±"58 
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Table 5.8.. continued 
SWEETENER 0 10 20 
Bacteria Log colony forming units/gram faeces 
TOTAL ANAEROBES 
Control 10.70 10.18 10.27 
±. 31 ±. 62 ±. 31 
Sucrose 10.11 10.61 11.17 
±. 20 ±. 10 ±. 22 
Xylitol (A) 10.78 10.62 10.68 
+. 22 +. 22 +. 38 
Xylitol (NA) 10.98 - 10.93 
±. 15 ±. 16 
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When the effects of xylitol adaptation on the faecal 
bacteria were followed in mice xylitol appeared to cause a 
decrease in the number of yeasts and aerobic streptococci when 
compared to control mice and sucrose treated mice. Treatment 
of mice with a 20. / xylitol diet without adaptation increased 
the numbers of aerobic organisms in the faeces, but the 
increases were not statistically significant (table 5.8. ). No 
obvious effects on the numbers of anaerobes were observed. 
Human studies 
Two of the volunteers reported transient diarrhoea 3-5 
hours after consumption of the xylitol solution and all six 
subjects reported softer stools and increased stool frequency 
after xylitol intake. 
The data for the faecal microbiological. determinations 
are summarised in table 5.9. No significant changes were 
observed for the numbers of bacteria estimated either before 
or after xylitol treatment. With the exception of decreased 
numbers of yeasts after xylito1 intake all counts were 
relatively stable. The decrease in the number of yeasts 
varied greatly with the lowest counts found in subjects also 
experiencing diarrhoea or flatulence. 
The relative proportions of gram positive and gram, 
negative bacteria were also estimated from the faecal samples 
and'the results for each volunteer are described in figure 
5.7. Quite a significant shift can be seen in'the relative 
proportions of the different bacteria. Under normal 
circumstances 20-30 %'of faecal bacteria were gram positive, 
but immediately after xylitol consumption the proportion of 
gram positives increased to 50-55 % of the total. Although 
no more xylitol was introduced into the diet a downward 
114 
shift could be seen in the second sampling after the test 
(figure 5.7. ). 
5.4 DISCUSSION 
There has been very little previous interest in the role 
of intestinal bacteria in the absorption and adaptation 
mechanisms concerned with xylitol. This is at least partly 
" due to the results of the dental studies which indicated that 
most oral microorganisms cannot utilise xylitol and 
consequently acid production from xylitol is almost nil. Also, 
no marked adaptation among the oral microbes to utilise xylitol 
has been observed (Scheinin 1978). However, there are several 
intestinal bacteria, yeasts and fungi that may be able to 
utilise xylitol and therefore xylitol adaptation may occur 
either by selection of microorganisms capable of metabolising 
xylitol or possibly by induction of xylitol dehydrogenases in 
the bacteria (Mdkinen 1978). 
Our results clearly indicate that the intestinal flora 
of rats can increase its ability to ferment xylitol (figures 
5.1. and 5.2. ). Fermentation of carbohydrates by bacteria 
lowers the pH of intestinal contents especially when 
carbohydrates are not well absorbed from the small intestine. 
Acidification of the lumen of the intestine may increase 
peristaltic activity and this is demonstrated most strikingly 
in the fermentative diarrhoea associated with disaccharidase 
deficiency in mats (Bennet and Eley'1976); In our study some 
lowering of the pH of the faeces in xylitol treated rats was 
observed during xylitol adaptation, but-no diarrhoea occurred. 
as a result (figure 5.3. ). The pH of the faeces and caecal 
contents may change significantly when diarrhoea occurs in 
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Figure 5.7. The effect of a 30 g oral dose of xylitol on the 
proportion of gram positive bacteria present in the 
freshly collected faeces from six healthy normal 
volunteers. Each graph shows the change for one 
individual subject. 
B= specimens taken before xylitol intake 
1 
A= specimens taken after xylitol' intake 
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non-adapted animals. It is possible therefore that xylitol- 
induced diarrhoea in non-adapted rats may be caused by acidic 
fermentation products of xylitol. 
As shown in figures 5.4. and, 5.5., during the adaptation 
to 20 % dietary xylitol there is an increase in the number of 
gram positive organisms present in the faeces of rats. 
However, -when a 20 % xylitol diet is given to rats without 
adaptation an initial decrease is observed in the number of 
faecal gram positive bacteria. When diarrhoea occurs the gram 
positive bacteria disappear almost completely, but start 
reappearing at the same time as the diarrhoea becomes milder 
(figure 5.4. ). When the diarrhoea disappears the number of 
gram positive bacteria in the faeces starts, to increase until 
about two thirds of the bacteria present are gram positive. 
At the end of the treatment the faecal microflora is similar 
both in the gradually adapted rats and the non-adapted rats 
treated with, a 20 % xylitol diet (figure 5.5. ). The results 
indicate some correlation between the "washing out" of the 
intestinal gram positive bacteria and the xylitol induced 
diarrhoea. Similar changes have been observed by Rofe et al. 
(1980), but no, reports on non-adapted animals and the recovery 
from the diarrhoea have occurred in the literature. 
When rats or mice were treated with the more common 
sugars (glucose, fructose, sucrose) at. 20 % dietary levels'no 
major'changes occurred in"the numbers of bacteria in the 
faeces of the treated animals. No major effects were noted in 
the morphology of the bacteria in the faeces and no diarrhoea 
occurred (table 5.1. -5.3. ). This was probably dub largely to 
the rapid absorption of these carbohydrates from the small 
intestine. The animals may also be partly adapted to these 
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sugars through constant exposure to low levels present in the 
diet. 
Rats and mice treated with various other carbohydrates, 
to which the animals are not normally exposed, at 20 % dietary- 
levels showed more signs of unusual functions. The polyols 
(xylitol, sorbitol, mannitol) as well as certain other 
carbohydrates (xylose, lactose, mannose) caused diarrhoea both 
in rats and in mice (figure 5.6. ). As the results indicate, 
all the carbohydrates causing diarrhoea belong to the group 
that is thought to be'absorbed slowly, by passive diffusion 
alone. Therefore they are likely to be available in high 
concentration to the microflora in the large intestine, where 
most unabsorbed carbohydrates are fermented by the 
microorganisms. The usual metabolic products are fatty acids, 
alcohols and gases (Förster 1978). These products may exert 
greater osmotic effectiveness than the parent compound and 
thereby encourage the development.. of diarrhoea (Hill 1978, 
Förster 1978). The metabolic formation of decomposition 
products is claimed to be most pronounced-from sorbitol 
(Förster 1978) and this may be the reason for the diarrhoea 
which lasts longest (figure 5.6. ). 
As judged by the numbers of bacteria observed in-the 
faecal samples no major changes were found between the three 
groups and the total numbers'of aerobic and anaerobic bacteria 
remained fairly stable throughout the experiment 
(tables 4, 
5 and. 6). The only significant change observed was the dose 
dependent decrease in the, numbers, of aerobic streptococci in 
the faeces of xylitol treated animals. Since data from dental 
studies showed that oral aerobic streptococci, especially 
Streptococcus mutans, are not capable of growing in 
118 
environments containing xylitol (Scheinin and Mäkinen 1975, 
Mäkinen 1978, Havenaar 1978) it is possible that intestinal 
streptococci also lack this ability (Havenaar 1978). 
Consequently, the aerobic streptococci are probably largely 
replaced by other bacteria - apparently anaerobic bacteria - 
that. are capable of metabolising xylitol. As was shown in figures 
5.1. and 5.2., aerobic bacteria isolated from the caeca of 
either control or xylitol-adapted rats were unable to utilise 
xylitol as the sole carbon source. When anaerobic conditions 
were applied, however, xylitol appeared to be fermented rather 
quickly (figures 5.1. and 5.2. ). 
In general, the numbers of bacteria found in the faeces 
of both treated and untreated rats corresponded to values 
considered as normal (Brown et al. 1978). However, even small 
changes in the flora may have an influence on gastrointestinal 
conditions and the motility of the intestinal system thereby 
producing diarrhoea (Abrams et al. 1967). Acceleration of 
diarrhoea has been described in connection with the 
consumption of other polyols (Förster 1978) and bacterial 
changes are likely contributing factors. 
The results of the human volunteer experiment are very 
similar to those observed in rats and mice. The results also 
seem to be in good agreement with those of Dubach et al. 
(1974). The only changes occurred in the number of yeasts. It 
" was also observed. that the number of faecal yeasts was 
greatest in the subjects showing signs of diarrhoea and 
flatulence. Therefore osmotic effects resulting from the 
growth of yeasts may play a role in regulating the observed 
diarrhoea. 
The marked increase in the proportion of gram positive 
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microorganisms after xylitpl treatment as was also observed 
in animal studies may be an indication of selection of microbes 
capable of metabolising xylitol. 
Altogether, xylitol feeding appears to cause a selection 
of intestinal bacteria which are capable of metabolising the 
polyol. This selection was shown to occur in both rats, mice 
and humans. It was clearly indicated that the intestinal 
flora can increase its xylitol metabolising activity and 
growth of the faecal flora in the presence of xylitol as the 
sole carbon source was also demonstrated. Thus, the increased 
tolerance of animals and man to xylitol appears to be at 
least partly related to microbial changes within the 
gastro-intestinal tract. The relation of microbial changes to 
xylitol adaptation will be analysed in the final discussion. 
120 
CHAPTER VI 
EFFECT OF DIEATRY XYLITOL ON THE ABSORPTION AND EXCRETION OF 
OXALIC ACID 
121 
6.1 INTRODUCTION 
Deposits of calcium oxalate dihydrate crystals were 
observed in renal, cerebral and vascular tissues in patients 
who had received intravenous infusions of xylitol (Thomas et 
al. 1972;, Schrbder et al. 1974). These deposits appeared to 
be due to increased endogenous synthesis of oxalate "although 
oxalate excretion following xylitol infusions has not been 
reported (Hodkinson 1977). Later, "Thomas et al. (1976) 
reported that the urinary excretion of oxalate was increased 
in vitamin B6-deficient rats which were infused with xylitol. 
Subsequent studies indicated that earlier findings of oxalate 
crystals were connected with pathogenic changes other than 
xylitol infusions (chapter I). 
Later on, data from life-time feeding studies on mice 
(dosage levels 0,2,10 and 20 / xylitol in the diet) 
indicated that one or more crystalline calculi were found in 
the urinary bladders of a large proportion of male mice 
treated with 10 % or 20 % xylitol diets (Hunter et al. 1978 a; 
Salsburg 1980). These calculi were identified as calcium 
oxalate. Histological evaluation of the bladders revealed 
hyperplasia, metaplasia and neoplasia of the transitional 
epithelium of the urinary bladders in male mice and the 
changes were associated with the macroscopically observed 
calculi (Hunter et al. 1978 a). 
Oxalate stone formation is thought to be caused by the 
supersaturation of urine with calcium. Increased intestinal 
absorption of dietary oxalate can often induce urinary 
saturation with. oxalate. For instance, calcium oxalate.. 
stone-forming humans are known to absorb 2 to 3 times more 
dietary oxalate than normal subjects. However, among 
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patients with frequently recurring stones there are 
individuals with normal urine saturation of calcium and 
oxalate (Robertson et'al. 1971). 
The reported findings. on the absorption of dietary 
oxalate vary markedly indicating in general values below 10 
in man (Hodkinson 1977). In the rat oxalate excretion is 
usually higher on body weight basis and the rats show large 
individual variations (Hodkinson 1978). Oxalate absorption 
appears to be affected by other dietary constituents and it 
is, for example, reduced by the presence of dietary calcium 
(Chadwick et al. 1974). 
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Excretion of oxalate in the urine is directly related to 
urine flow and appears to be. unaffected by the administration 
of acids or alkali, but can be increased by a variety of 
substances that are normal dietary constitutents. Such 
substances are for instance ascorbic acid, glutamic acid, 
glycine and purines (Hodkinson 1978). 
There is some controversy as to whether increased 
synthesis of oxalic acid occurs on xylitol administration 
(chapter I). A series of experiments was carried out to 
study bhe effects of xylitol feeding on the absorption and 
excretion of dietary oxalic acid in rats, mice and humans. 
6.2 'MATERIALS AND METHODS 
6.2.1 Animals, diets and environmental conditions 
Male weanling Wistar albino rats, male and female CD-1 mice 
(Universi"ty of Surrey) and male and female NMRI mice 
(Anticimex, Sweden) were used. *The diets, adaptation and 
environmental conditions were as described in chapter II 
(2.2). 
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6.2.2 Oxalic acid determination 
Urinary oxalic acid was determined as described in 
chapter III (3.2.1.3). 
6.2.3 Radiochemical determinations 
U14C-oxalic acid (Radiochemical Centre, U. K. ) was used 
in all animal experiments. The specific activity of the 
compound was 98 mCi/mmol. 
Sample preparation and counting for rats and CD-1 mice 
In experiments where Wistar rats and CD-1 mice were used 
blood levels of radioactivity were determined as described 
for xylitol in chapter II (2.2.4.1). 
Urine and faeces were collected separately whilst the 
animals were in metabolic cages. Urine was acidified with 4N 
hydrochloric acid and 0.1 ml samples were used for liquid 
scintillation counting. The procedure was as described for 
plasma determinations. 
Faecal samples were extracted with 20 ml of 25 % (v/v) 
HCl by gentle agitation and centrifuged. The supernatant was 
filtered and 0.2 ml samples were used for liquid 
scintillation counting as described earlier 
(2.2.4.1). 
Sample preparation and counting during the NMRI mouse 
experiment 
In these experiments the'recovery of radioactivity in 
urine, faeces. and various organs was determined using 
combustion-methods'. A Junitek Combustion Unit 
(Junitek Oy, 
Finland) of the flame combustion-in-a-train type was used. 
The samples were burned-automatically in porcellein cups. 
The released 
14C02 
was absorbed in ethanolamine, solutions in 
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the reaction column and delivered into a separate counting 
vial followed by a methanol wash. The chemicals used for 
absorption of 
14002 
and washing the, column were Lumasorb I 
and II respectively (Lumac Systems, Basle, Switzerland). The 
samples were then taken into liquid scintillation counting of 
14C 
content. 
Experimental protocols 
Effect of carbohydrates on oxalic acid absorption in the rat 
Oxalic acid absorption in Wistar rats was studied. Diets 
containing 20 % of various carbohydrates (glucose, fructose, 
sucrose, xylose, xylitol, sorbitol, mannitol) were fed to 
groups of 5 rats for seven days. The animals were fasted for. 
12 hours and given a5 »Ci dose of U14C-oxalic acid mixed 
with 0.625 g/kg body weight of the respective carbohydrate. 
Urine and faeces were collected for 72 hours and counted for 
the recovery of activity. 
Oxalic acid absorption in xylitol treated rats 
The second experiment was initiated to study the effect 
of adaptation to 20 % dietary xylitol on oxalic acid 
absorption in Wistar-albino rat. Twenty rats were used as 
controls and 10 rats-were gradually adapted to 20 % xylitol 
diets. After a 12-hour fast rats were dosed via gastric 
gavage with 5, uCi of U14C-oxalic acid mixed with water or 
0.625 g of'xylitol/kg'body weight. Five rats of each groups 
were used for, urine and, faeces collection and the other five 
were bled from the tail vein at 0; 1/2,. 1,2,4,6,11 and 24 
--hours to study the blood levels of radioactivity. 
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Oxalic acid absorption in CD-1 mice 
Thirty male and twenty female'CD-1 mice were either 
gradually adapted. to 20 % xylitol diets or fed a control 
diet. After a 12-hour fast the mice were given a single oral 
dose of 2, uCi of U14C-oxalic acid in water or in xylitol 
solution giving a total dose of 0.625 g xylitol/kg body 
weight. For 5 xylitol adapted male mice the oxalic acid dose 
was given with 0.625 g sorbitol/kg body weight and for 
another group of 5 with 0.625 g mannitol/kg body weight. 
Urine and faeces were collected at regular intervals for 72 
hours to monitor the excretion of the label. 
Oxalic acid absorption in NMRI mice 
To compare the effects of xylitol on oxalic acid 
absorption in CD-1 mice to the effects in another strain 40 
male and 40 female NMRI mice were either gradually adapted to 
20 % xylitol diets or fed a control diet. The animals were 
dosed as described above for CD-1 mice. Urine and faeces 
were collected to measure the excretion of the label. In 
this study samples of the intestine, kidneys, liver and 
brain were also analysed for radioactivity. 
The effect of xylitol on oxalic acid excretion in man 
For this experiment 5 healthy human volunteers 
(3 males 
and 2 females) were used. Urine was collected for 24 hours 
and the volunteers were served an. orange-flavoured drink 
containing 30 g of xylitol with breakfast. Another urine 
collection was made for 24 hours after the xylitol dose. 
During the collection periods no foods rich in oxalate were 
allowed. Urinary. oxalate was analysed for both periods of 
collection. 
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6.3 RESULTS 
Figure 6.1. - summarizes the recovery of label in the 
faeces of rats treated with various carbohydrates and given a 
single dose of U14C-oxalic acid. The rats receiving xylose, 
xylitol and mannitol had soft stools and some diarrhoea after 
dosing. Urinary excretion of-the label was virtually the same 
in all groups. 
The distribution of the label between faeces and urine 
in the treated rats is summarized in table 6.1. The average 
excretion in the faeces of control rats receiving oxalic acid 
with xylitol was significanlty lower (p< 0.001) than in 
control animals receiving the oxalate alone or in xylitol- 
adapted rats receiving the oxalate with xylitol (faecal 
recoveries were 77.8 /, and 83 / respectively). The excretion 
of the label in urine was also significantly higher (p< 0.001) 
among control animals receiving oxalate with xylitol when 
compared to control rats receiving oxalate alone. On the 
other hand, xylitol-adapted animals excreted a significantly 
smaller proportion of the oxalate in urine compared to the 
controls receiving oxalate alone. 
Figure 6.2. shows the mean plasma levels of 
radioactivity in rats during the first 24 hours after the 
administration of the oxalic acid. 'The plasma levels'in 
control rats receiving oxalic acid with xylitol were 
significantly higher-(p< 0.05) immediately. after the etart of 
the study when compared to the. other two groups. 
When samples of plasma, urine and faeces were analysed 
using thin layer chromatography the major part'of the 
radioactivity was recovered as oxalic acid. 
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Figure 6.2. Plasma levejs of radioactivity after an oral dose 
of 5 uCi of 4C-oxalic acid in water or with 0.625 g 
xylitol/kg body weight. Each value is a mean S. D. 
for five rats.   control rats, oxalic acid in 
water, "= control rats, oxalic acid with xylitol, 
o= xylitol-adapted rats, oxalic acid with xylitol. 
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The absorption and excretion of oxalic acid given to 
CD-1 mice is shown in figures 6.3. and 6.4. These figures also 
summarize the effect of xylitol adaptation on oxalic acid 
absorption as well as'the effect of simultaneously given oral 
oxalic acid and oral xylitol on the excretion of oxalic acid 
in faeces and urine. In contrast to the situation in rats 
adaptation of male mice to'20 0/ dietary xylitol increased the 
urinary excretion of the label four-fold. At the same time no 
major changes were observed in the faecal excretion of the 
label (figure 6.2. ). Figure 6.5. summarizes the data on the 
excretion of the label in urine and faeces when 0.625 g 
sbrbitol or mannitol/kg body weight were administered together 
with oxalic acid to xylitol-adapted mice. Both sorbitol and 
mannitol increased the urinary excretion of the label while 
only sorbitol also affected the faecal recovery of the label. 
Total urinary and faecal recoveries of the label in 
control CD-1 mice were 80.1±4.6 % when given with water and 
62.4±5.2 % when given with xylitol. For xylitol-adapted CD-1 
mice total recoveries were 92.0±8.2 % when administered with 
water, 92.0±10.8 % when the label was coadministered with 
0.625 g xylitol/kg body weight, 81.0±13.8 % when the label 
was given with 0.625 g sorbitol/kg body weight and 71.0±14.0 
when given with 0.625 g mannitol/kg body weight. 
The results of oxalic acid excretion in'NMRI mieo"are 
shown in figures 6.6., - 6.7., 6.8., and 6.9. The urinary 
excretion of label was significanlty higher in xylitol 
adapted mice when. compared to control mice receiving oxalic 
acid in water. However, even greater urinary recovery of 
label was observed in control mice receiving oxalic acid 
with xylitol. In female mice xylitol appeared to cause an 
ý+ 
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even more pronounced increase in the urinary excretion of the 
label. No significant differences were discovered between the 
groups and sexes in the recovery of the label in kidneys, 
liver, duodenum and brain. Kidneys, liver and brain each 
contained less than 0.1 ° of the total dose. The duodenal 
samples indicated that up to 5% of the total radioactivity 
given could be found in the duodenal walls 72 hours after 
dosing. 
In the human study, no significant changes in urinary 
oxalate excretion could be detected after a 30 g oral xylitol 
dose (figure 6.10. ). 
6.4 DISCUSSION 
The results indicate that oxalic acid 
absorption in control rats receiving oxalic acid with water 
is fairly similar to the absorption in xylitol adapted rats 
receiving oxalic acid; with xylitol. When control rats were 
given oxalic acid in water about 78 % of the given doses was 
recovered in faeces and 7% in urine. However, when oxalic 
acid was administered to control rats with 0.625 g xylitol/kg 
body weight diarrhoea was observed and, only 44. 
% of the given 
label was recovered in faeces and 12 % in urine 
(table 6.1. ). 
Thus, -'about 44 % remained unaccounted for. When a similar 
treatment was given to rats that were adapted to 20 
S dietary 
xylitol about 83 % of the dose was found in the faeces and 
about 6% in urine. These results indicate that larger donee 
of dietary xylitol, consumed with oxalic, acid can. lead ,. 
to 
. disturbances in the normal absorption proceso. 
of oxalic acid 
in animals not adapted to dietary xylitol. As a result, 
changes in the faecal recovery of oxalate can be observed. 
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As similar findings are observed in the plasma levels of 
radioactivity after oral administration of xylitol and oxalic 
acid this phenomenon may be related to the changes occurring 
during the adaptation process (figure 6.1. ). When diarrhoea 
occurred larger part of the ingested oxalic acid escaped the 
absorption and excretion system used for measurements since 
only 60 % of the given dose could be detected'in urine and 
faeces (table 6.1. ). Possibly more oxalate was absorbed and 
exhaled as CO 2* Similarly, when diarrhoea occurred 
the plasma 
levels of radioactivity were significantly higher than in 
animals not suffering from diarrhoea, but receiving a similar 
oxalic acid dose (figure 6.1. ). Thus, absorption of oxalic 
acid was significantly enhanced by xylitol-induced diarrhoea. 
This may be related to the changed fermentation by the 
intestinal bacteria of oxalic acid and/or xylitol. 
On the other hand, as indicated by Nesterin 
(1980) larger 
doses of xylitol may increase biliary emptying. Bile acida 
are thought to increase bacterial degradation of oxalic acid 
resulting in easily absorbable degradation products'' 
(Hodkinson and Wilkinson 1974). Biliary emptying is not 
thought to be increased in animals adapted to'xylitol 
(Nesterin 1980) and therefore the changes observed could not 
be found in xylitol-adapted rats (figure 6.1. 
). 
When 14C-oxalic acid was administered orally to xylitol- 
adapted CD-1 mice the excretion of the label in the urine was 
increased fourfold indicating increased absorption of oxalic 
acid. associated with high doses of dietary xylitol. 
Administration of oxalic acid with 0.625 g xylitol/kg body 
-weight-appeared to increase urinary excretion of the label 
in xylitol-adapted CD-1 mice, but the situation was reversed 
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in control mice (figure 6.3. ). This phenomenon may be due to 
the slight diarrhoea observed in control mice receiving 
xylitol. Therefore, xylitol administration to control mice 
may inhibit oxalic acid absorption possibly by introducing 
electrolytes into the gastrointestinal system to precipitate 
oxalate. However, at the same time excretion of label in 
faeces of control mice receiving oxalic acid with xylitol was 
slightly reduced when compared to control mice receiving 
oxalic acid with double destilled water (figure 6.4. ). Thus, 
the total recovery of the label was lower in control mice 
receiving xylitol. Some of the lost label could probably be 
observed either in the bone structure or it could be recovered 
in the exhaled air and these losses would account for the low 
total recoveries recorded in control animals receiving oxalic 
acid with xylitol (figure 6.3. and 6.4. ). 
Similar increases in the urinary excretion of the label 
were observed also in xylitol treated NMRI mice. Urinary 
excretion of the radioactivity was doubled in xylitol-adapted 
male mice and almost tripled in female mice. No apparent 
reasons could be found for the sex difference, but it is 
notable that earlier studies indicated that oxalate stones 
occurred only in male mice (Hunter et al. 1978 a, Salsburg 
1980). However, the results support the view that the 
absorption of dietary oxalic acid in mice is increased after 
oral xylitol administration. 
The decarboxylation of dietary oxalate by the intestinal 
flora in the rat is thought to be greater than that in man 
(iodginson 1977, Hodginson 1978). Xylitol perhaps by 
introducing volatile fatty acids or other fermentation 
-products in to the intestinal. system as a result of bacterial 
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decomposition, may increase the solubility of the oxalate ion 
thereby enhancing oxalate absorption. 
Another possible cause of the xylitol induced increase 
in oxalic acid absorption is the chaelating or complex 
forming effect of polyols with calcium. It has been shown that 
"xylitol significantly (p< 0.001) increases the absorption of 
calcium from different calcium salts in mice (Rosenthaler 
1971). This increase may be due to complex formation of 
xylitol with calcium. Dutch researchers have indicated that 
alditols form complexes with calcium (II) cations (Kieboom 
et al. 1979). In particular, xylo-, theo- and arabino- 
configurations of the polyhydroxy ligand in aqueous medium 
have been found to be favourable to complex formation. When 
calcium absorption is increased either due to complex 
formation or other reasons more oxalic acid remains in the 
soluble form which presumably makes it more absorbable 
(Binder 1974; Hodginson 1978). This increased absorption could 
be responsible for the increased urinary excretion of the 
,:, label in xylitol-adapted mice given oxalic acid 
(figure 6.3. ). 
,.. Based on the stability constants alone sorbitol and mannitol 
would be expected to increase the absorption and the urinary 
excretion of the label more than was observed in this study 
(figure 6.3. ). However, these polyols are better utilised by 
the gut flora (Förster 1978) and therefore their availability 
. to chaelate calcium is reduced when compared with xylitol. 
! Before dosing all the animals used were fasted and 
therefore slightly higher than normal oxalate absorption was 
expected. After dosing the animals were allowed free access 
to Water and to their respective diets. The total. recoveries 
are comparable to those described earlier (Hodginson 1977). 
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In conclusion, our results indicate that dietary xylitol 
and adaptation to large doses of xylitol increases the 
absorption of dietary oxalic acid in mice. This finding was 
not observed in rats. Therefore, dietary xylitol may partly 
predispose xylitol treated mice to oversaturation of urine 
with calcium oxalate leading to increased incidence of 
calcium oxalate calculi in the urinary tract. This may be a 
species difference in the absorption of dietary oxalic acid 
or an adaptive mechanism observed only in mice. There is no 
indication of any similar findings in rats. In humans 
Förster et al. (1981) found no indication of increased 
urinary oxalic acid or calcium excretion. Similar findings 
have been reported by Mdkinen and Scheinin (1975). Thus, 
mice appear to be more vulnerable to oxalate stone formation 
than rats and humans. The relation between these observations 
and the toxicological findings are discussed in chapter IX. 
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CHAPTER VII 
THE EFFECT OF DIETARY XYLITOL ON THE SECRETION OF GASTRIC 
INHIBITORY POLYPEPTIDE (GIP) AND MOTILIN 
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7.1 INTRODUCTION 
The gastrointestinal tract is the largest endocrine organ 
in the body. Gastrointestinal hormones and polypeptides have 
many well-known actions on water, electrolyte and enzyme 
secretion, but they also influence motility, release of other 
hormones, and intestinal absorption (Johnson 1981). In 
relation to xylitol intake gastric inhibitory polypeptide 
(GIP) and motilin are expecially interesting. 
The following processes have been associated with GIP 
in a variety of experimental systems and conditions: 
1. Inhibition of gastric secretion and motility 
2. Stimulation of insulin, release and glucose homeostasis 
3. Stimulation of glucagon release 
4. Stimulation of small intestinal secretion 
5. Reduction of lower esophageal sphincter pressure 
6. Stimulation of mesenteric blood flow 
7. Stimulation of lipoprotein lipase activity 
8. Interaction with the release, clearance or metabolic 
effects of other peptides, such as gastrin, vasoactive 
intestinal peptide (VIP), glucagon, and somatostatin 
The primary physiological effect of GIP in man appears 
to be the control of insulin secretion (Morgan 1979). Sykes 
et al. (1980) have indicated that GIP secretion in the rat 
is stimulated by actively transported carbohydrates and their 
analogues and may therefore be associated with active 
transport systems. 
Motilin, a 22 amino acid peptide, is present -in high 
concentrations in the upper intestine., 
In man, release of motilin after a meal has been 
demonstrated (Christofides et al. 1979 a). However, this 
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release is complex and it depends on both the composition and 
bulk of the food. Oral glucose has been shown to inhibit 
release, whereas fat is a potent stimulant. Also distension 
of the stomach, either by mechanical means (such as an air- 
filled balloon) or ingestion of a large volume of water, 
results in a large rise of motilin (Christofides et'al. 1979 b). 
Infusion of motilin have also been demonstrated to 
significantly accelerate gastric emptying of glucose 
(Christofides et al. 1980) and in vitro studies have shown 
that motilin stimulates isolated human colonic muscle and 
human colonic activity (Rennie et al. 1980). 
Xylitol has been suggested to increase gastrointestinal 
motility in man'(Förster 1978), but its effects on the 
secretion of gastric inhibitory polypeptide (GIP) or motilin 
has not been reported. Also, no data on possible active 
absorption has been reported even though xylitol induced 
diarrhoea disappears after an adaptation period (Förster 
1978). Therefore a series of experiments in animals and man 
was conducted to examine the GIP, motilin and insulinotrophic 
properties of xylitol in experimental animals and human 
volunteers. 
7.2 MATERIALS AND METHODS 
7.2.1 Radioimmunoassay for plasma. GIP 
For the determination of immunoreactive GIP plasma 
samples were incubated with antiserum and iodinated tracer 
" and the antitrody-bound antigen was separated by a double 
antibody technique using donkey anti-rabbit antiserum (DAR). 
This antiserum is in general use in the Department of 
Clinical Biochemistry, University of Surrey, Guildford. The 
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method was modified from that reported by Morgan, Morris and 
Marks (1978). 
Reagents 
Porcine*GIP - Dr. J. C. Brown, Department of Physiology, 
University of British Columbia, B. C., Canada. 
Donkey anti-rabbit antiserum - Guildhay Antisera, University 
of Surrey, Guildford, Surrey. 
Normal rabbit serum (NRS) 
Aprotinin - Novo Research Institute, Copenhagen, Denmark. 
General chemicals for buffer preparation. 
GIP was iodinated using a modified chloramine-T technique 
of Kuzio et al. (1974). Standards were prepared from porcine 
GIP and dissolved in 0.05 M acetic acid. To a series of LP3 
tubes 200 pl of assay diluent buffer (0.04 M phosphate buffer, 
pH 6.5, containing 500 000 KIU aprotinin and 50 g human serum 
albumin per liter) and 100 Sul plasma samples or GIP standards 
were added. Also 100, U1 of rabbit anti-GIP antiserum 
(dilution 1: 40 000)'was added. Standards and samples were set 
up in duplicates and a parallel set was used without the 
antiserum to measure non-specific binding. All tubes were 
mixed and incubated at 4°C for 24 hours. ' 100 }ul 
1251-GIP 
was 
added to each tube and incubated for 48 hours at 4°C. 
The antibody-bound GIP was separated by a'double antibody 
technique using 50, ul of donkey anti=rabbit antiserum. Also 
120 Sul of polyethylene glycol (12 % w/v)' in assay buffer was 
added before a4 hour incubation at 4°C. The'tubes`were then 
centrifuged at 2000 g for 20 minutes at 4°C and the supernatant 
was aspirated. The tubes with precipitates were counted in an 
automated LKB-Wallac 'counter for 4 minutes. 
Q! j 
From the total counts, the % bound was calculated for 
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each tube and the appropriate non-specific % bound was 
subtracted. The standard curve was contructed by plotting 
% binding against pg GIP/ml and the sample values were read 
from the standard curve. 
Insulin and glucose assays 
Plasma insulin was determined by a commercial 
radioimmunoassay kit (Phadebas Kit, Pharmacia Diagnostics, 
Sweden). Blood glucose was measured in an autoanalyzer using 
the glucose oxidase method. 
Motilin assay . 
Plasma motilin was determined by a radioimmunoassay 
. developed at the University of Surrey (Kwasowski et al. 1982). 
7.3 EXPERIMENTAL PROTOCOLS 
Animal study on the effect of xylitol on GIP release 
Male Wistar albino rats weighting between 220-250 g were 
divided into three groups. One group served as controls and 
received oral glucose in the test; another received xylitol 
in the test but without adaptation by`prior introduction of 
xylitol into the diet, whilst the third group was adapted by 
gradually adding xylitol to a maximum of 20 %'to the- diet 
(Bässler 1969) before receiving oral xylitol in the test. 
The animals were starved for 24 hours before being given 
either xylitol or glucose 1.2'g/kg body weight as a 25 % 
solution by stomach tube. Blood was collected from the tail 
vein into heparin at 0, "15,30, '60. and, 120 minutes and 
separated immediately by centrifugation at 2000 for 15 
minutes for estimation of plasma immunoreactive GIP. 
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Human volunteer study on xylitol and GIP secretion 
The study group consisted of six healthy volunteers (3 
males and 3 females) none of whom had been introduced to 
xylitol before the study. On each of two occasions after a 
12-hour overnight fast, the volunteers drank a test solution 
containing either 30 g of glucose or 30 g of xylitol dissolved 
in 200 ml of raspberry flavoured water. The test solutions 
were taken. one week apart in random order and were', consumed 
in, 
-five minutes. 
Venous blood samples were collected through an 
indwelling cannula before and at frequent intervals'for 120 
minutes after starting the test. An aliquot was analysed for 
glucose using an. automated glucose-oxidase method. The 
remainder was-separated by centrifugation, the-plasma 
separated and analysed for immunoreactive insulin:, and: 
immunoreactive GIP. - 
Tneýeffect of xylitol breakfasts on GIP secretion 
. 
The study group consisted of 6 healthy volunteers and 
the, conditions were as in the previous experiment. Instead 
of a-test solution the volunteers were served a test 
breakfast'on two occasions after a 12-hour fast., The '' 
breakfast consisted of 35 of wheat toast, 10 g, butter, 30 g..,, 
of, blackcurrant jam, 50 ml of low-fat milk and 200. -ml of 
coffee. The jam was prepared to contain 40 % of either 
xylitol or glucose. 
The effect of oral xylitol on motilin secretion 
Healthy volunteers not previously exposed to xylitol 
received a 30 g dose-of either xylitol or glucose iri4200 ml' 
double'-di stilled water. The test solutions were talýenafter 
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a 12-hour fast two weeks apart in a random order. Each 
solution was consumed within two minutes. Plasma levels of 
motilin were monitored 20 minutes before dosing and 120 
minutes after ingestion of the test solution. 
7.4 RESULTS 
Animal study 
Figure 7.1. compares the mean GIP responses in Wistar 
rats to glucose and xylitol with and without adaptation. 
Glucose administration caused a significant increase in GIP 
secretion whereas xylitol administration did not appear to 
do_. so, regardless of whether adaptation had occurred or not. 
Rats that were not adapted to xylitol had diarrhoea one 
hour after administration of the test dose of xylitol but 
this was not observed in any of the rats in the xylitol 
adapted group either during or after the test. 
Hunan studies r 
Figure 7.2. compares the changes in mean"-blood glucose 
concentration in the volunteers after glucose and xylitol 
administration. As expected, oral glucose caused a 
significant (2.5±0.4 mmol/1) rise in mean blood glucose,, 
concentration which had returned to slightly below'the'basal 
level by the end of the test. Xylitol produced a small but 
significant rise in mean blood glucose concentration which 
remained above fasting levels throughout the period of 
observation. 
Plasma immunoreäctive insulin'levels rose' significantly 
after both sugars, though considerably more after glucose 
than after a similar dose of xylitol (figure 7.3. 
). Secretion 
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Figure 7.1. Changes in plasma GIP levels after, oräl'administration 
of 1.2 g/kg body weight of glucose or xylitol to 
control-rats or to xylitol adapted rats. -Each value 
is a mean + SEM for five rats. 
"= glucose dose to control rats 
 = xylitol dose to control rats 
b= xylitol dose to xylitol adapted rats 
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of immunoreactive GIP was significantly increased by glucose 
administration but not by xylitol; indeed, mean plasma GIP 
levels actually decreased during the course of the study 
(figure 7.4. ). 
Two of the volunteers reported transient diarrhoea after 
consumption of the xylitol solution and one complained of 
flatulence. None reported any side-effects after the 
administration of the glucose solution. 
Figure 7.5. compares the changes in mean blood glucose 
concentration in the volunteers after xylitol and glucose 
breakfasts. Initially, significantly smaller rise in blood 
glucose was observed after xylitol breakfast. However, the 
values equalised at about 45 minutes after the ingestion of 
the breakfast. Plasma immunoreactive insulin levels rose 
significantly higher after glucose breakfasts than äfter 
xylitol breakfasts (figure 7.6. ). Similar changes were also, 
observed for plasma immunoreactive GIP (figure 7.7. ). None of 
the volunteers had any untoward effects from either xylitol, 
or glucose breakfasts. 
The results of the motilin experiment indicated that 
a thirty gram dose of xylitol significantly' stimulated 
motilin release meanwhile a'30 g dose of glucose appeäred, to 
supress basal motilin levels (figure 7.8. ). Three of the, 
five 
volunteers suffered from diarrhoea after xylitol ingestion, 
but the diarrhoea was of transient nature lasting only, for a 
couple of hours. 
7.5 
.. 
DISCUSSION 
The GIP responses to oral glucose observed 
during this. 
study are similar to those observed for rats 
(Morgan 1979) 
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Figure 7.2. Changes in mean blood glucose levels in six subjects 
after an oral dose of a solution containing either 
30 g of" xylitol (o) or 30 g, of glucosg, (". ) -in ? 00 ml 
of double distilled water. Each value is .a mean SEM for six subjects. 
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Figure 7.3. Changes in mean plasma insulin levels in six, ' 
subjects after an oral dose of a solution containing 
either 30 g of xylitol (o) or 30 g of glucose (" ) 
in 200 ml of double distilled water. Each value is 
a mean + SEM for six subjects. 
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Figure 7.4. Changes in mean plasma GIP levels in-six'subjects 
after an oral dose of a solutionýcontaining)either 
30 g of xylitol (o) or 30 g of glucose (" in 
200 ml of double distilled water. Each value is a 
mean + SEM for six subjects. 
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Figure 7.5. Changes in mean blood glucose levels in six subjects 
after a breakfast containing either 30 g xylitol jam 
'( o) or 30 g glucose jam (" ). In addition, 35 g of 
wheat toast, 10 g of butter, 50 ml of low-fat milk 
and 200 ml of coffee were served. Each value. is a 
mean + SEM for six volunteers. 
Significant differences from glucose breakfast are 
indicated with an asterisk (p 4 . 
0.01)., 
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. Changes'in mean plasma insulin levels in six subjects 
after a breakfast containing either'30 g xylitoljam 
(o ) or 30 g glucose jam (" ). In addition, 35 g of 
wheat toast, 10 g of butter, 50 ml of low-fat milk 
and 200 ml of coffee were served., Each value is -a ' 
mean 
_+ 
SEM for six volunteers. ". ` , 
Significant differences from glucose' 'breakfast are 
. indicated with an asterisk 
(p 4 9.01 ), ` ý ý'` = 
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Figure 7.7. Changes in mean plasma GIP levels in six subjects 
after a breakfast containing either 30 g xylitol 
jam (o) or 30 g glucose jam (" ). In addition, 
35 g of wheat toast, 10 g of butter, 50 ml of low- 
fat milk and 200 ml of coffee were served. Each, 
value is a mean. 
_+ 
SEM . for six volunteers. 
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Significant differences from glucose breakfast are 
indicated, with an asterisk (p c u. u1 ). 
159 
basal 20 - 40 60 
time (minutes) 
80 1D0 120 
0 
I 
Figure 7.8. Plasma motilin levels, . as a ratio of basal; 
' in six subjocts 
after in estion of a solution containing 30. g of 
xylitol 
( 
") or 30 g of glucose (O )' in. 200 ml of 
double distilled water.. Each point is. 'a mean ± SEM 
for six subjects. Significant differences ; from glucose- 
-indicated with an asterisk 
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andshumans (Horgan et al. 1979),. Xylitol, on the other hand, 
did-not stimulate GIP secretion either in man or! theirat. 
Ewen long-term adaptation to large amounts of dietary xylitol 
did-not change the lack of GIP-response observed in non- 
adapted rats. 
-' ý 'Earlier studies have-shown that GIP secretion is' 
stimulated by the ingestion of glucose or triglyceride'and 
that-the release of GIP from the gut in response to glucose 
might, be regulated by the rate of absorption. ' The molecular 
configuration of monosaccharides with the ability to `- " -- , 
stimulate GIP release has been shown to agree well with the 
requirements for active transport by the sodium-dependent,: 
hexose pathway (Sykes et al. 1980). Xylitol differs in,, 
structure from the common actively-transported sugars, and is 
thought to be absorbed by passive diffusion (Förster-1978).;. 
Our. results in rats indicate that even though an absorptive, 
adaptation occurs when large doses of xylitol are: consumed 
over prolonged periods it appears not to be associated with 
the appearance of an active transport system at least in so 
far as GIP stimulation is concerned. Unfortunately, a long- 
-term xylitol adaptation experiment in human volunteers was 
not possible at this time, but there is no reason to believe 
that xylitol adaptation would involve an active transport 
mechanism in man. 
The results from the. breakfast experiment-, indicated 
,. that secretion of IRGII' also increased significantly ,, after 
consumption of a glucose breakfast: an idential breakfasts: 
containing xylitol resulted in a , significant, ; 
but, less 
. pronounced, increase in IRGIP. After the xylitol 
breakfast, 
the rise in plasma IRGIP, though slower, 'resulted in a higher 
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final plasma IRGIP level than after the glucose, breakfast. 
Xylitol may have decreased the insulin and GIP responses of 
the other consitutents of the breakfast, possibly by 
increasing intestinal transit. 
The studies indicate that xylitol does not have 
insulinotrophic properties in man. . Xylitol is probably 
absorbed slowly since blood glucose levels are only very 
slightly altered. Oral xylitol does not stimulate GIP release 
in the rat even after long-term xylitol adaptation. Therefore, 
it appears likely that xylitol adaptation does not involve 
any active transport systems. 
Motilin has been shown to stimulate gastroduodenal motor, 
activity and to accelerate intestinal transit (Jennewein et 
al. 1975). Motilin release after xylitol ingestion was of 
transient nature as was xylitol induced diarrhoea observed in 
those subjects in whom it occurred. Usually diarrhoea appeared 
60-80 minutes after consumption of the xylitol dose and plasma 
levels of motilin were already decreasing 40 minutes after 
xylitol ingestion. Therefore, motilin release in connection 
with xylitol consumption may well be involved in'the 
development of diarrhoea. 
As indicated a 30 g dose of xylitol causes a small but: 
significant increase in plasma levels of insulin in human 
subjects. According to Christofides et al. (1979) motilin 
. release alone appears to enhance significantly 
the rate. of 
insulin release postprandially eventhoiigh blood glucose 
levels are not elevated. Thus, insulin release after xylitol 
ingestion may partly be due to the insulin stimulating action 
of xylitol-induced motilin release. 
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THE EFFECT OF ORAL XYLITOL ON THE RATE OF GASTRIC EMPTYING 
< 
163 
8.1"INTRODUCTION 
Three main functions of the stomach are directly related 
to motility. First, the gastric musculature must allow the 
stomach to accommodate the large volumes of material ingested 
while eating. Second, the stomach must contract to mix the 
ingested food with gastric juice so that digestion can -occur. 
Third, `motility must be organized to propel partially digested 
gastric contents into the small bowel. 
Immediately after ingestion of a meal, the stomach'may 
contain over a litre of contents. These contents then take 
several hours to leave the stomach and empty into the small 
intestine. This process of gastric emptying appears tobe 
9 1, 
regulated in such a manner as to allow optimal time for 
digestion and absorption of foodstuffs from the small 
intestine (Johnson 1981). 
According to experiments carried out by Asano et al. 
(1972) it seems likely that xylitol given in high ora]4 
i 
dosages is incompletely absorbed from the small intestine. 
Most human subjects are able to tolerate 30 grams of Xylitol 
inýa single dose without problems. However, as described in 
the previous chapter using human volunteers 3 out of siX, - 
subject s suffered from diarrhoea after a 30 gram oral 
xylitol dose in a liquid form. It was 'interesting to observe 
that diarrhoea occurred within 60-80 minutes of ingestion of 
the'xylitol (Salminen et al.. 1982). Based on earlier studies- 
it has"been suggested that the effect of xylitol`is 
significantly stronger when given in liquids than-w1en given 
in solid form (Förster 1978, Mäkinen and Scheinin 
1975). This 
-phenomenon has been attributed 
to the rapid emptying-of t. he, 
stomach-(Förster 1978). Gastric-emptying is thought 
to be. 
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slowed down by solid meals. Also the osmotically induced 
peristalsis is believed to be. reduced by solid meals with 
concominant lengthened passage of the meal through the small 
intestine. When xylitol is consumed with liquids these 
phenomena are thought to be reversed (Förster 1978). 
Since, new noninvasive radioisotopic methods for the 
measurement of gastric emptying time have been developed 
(Kim et al. 1981; Christofides et al. 1981) we decided to 
utilise them in order to study the effects of xylitol and 
glucose solutions on gastric emptying and intestinal transit. 
Two experiments were completed. The first was designed to 
study the effects of xylitol on gastric emptying in control 
and xylitol adapted rats. The second experiment was conducted 
to compare the'effects of glucose and xylitol on gastric 
emptying in human volunteers. 
8.2 MATERIALS AND METHODS 
8.2.1 Radioisotope methods 
As a radioisotope marker 
99mtechnetium-tin colloid was 
used as described by Christofides et al. (1981). The 
99aTc- 
tin colloid was prepared as required from a commercial kit 
(Radiochemical Center, Amersham, England) and mixed with 
glucose or xylitol solutions prepared. in double distilled 
water. Scintigraphy was completed using a gamma camera 
(General Electric Maxicamera 400T/61) coupled with ä oomputor 
(Digital Equipment Co'. PDPt11/34) and a set for taking' 
Polaroid pictures. Data was recorded on magnetic disea. ' 
Pictures of gastric emptying were taken at"a'apecd of 
one frame in 60 seconds. Results were analyzed using Gamma 11 
software capable of constructing time/activity curves generated 
165 
from the region of interest over the stomach. The area was 
determined by a disinterested medical physicist. Data was 
first corrected for the physical degradation of the isotope. 
The biologic half-time of gastric emptying was then determined 
assuming that gastric emttying of sugar solutions fits a 
monoexponential curve as indicated by Kim et al. (1981) and 
others (Read et al. 1980; Chauduri et al. 1976). One 
exponential function was then fitted to the data using a 
FORTRAN programme solving a non-linear least squares problem. 
An attempt to fit a two- exponential, curve to the data was 
unsuccesful. 
8.2.2 Animal studies 
Male Wistar albino rats weighting 220-250 g were divided 
into three groups of five animals each. One group served as 
controls and received oral glucose with the label in the 
test; another received the label with xylitol but without 
adaptation by prior introduction of xylitol into the diet, 
whilst the third group was adapted to xylitol by gradually 
adding xylitol into the diet to a maximum of 20 % (Bässler 
1969) before receiving oral xylitol with the label. 
The animals were starved for 12 hours before being 
given either xylitol or glucose 1.2 g/kg body weight as a 
25 % solution mixed with 25 uCi of the isotope. Dosing was 
carried out using a stomach tube. Before dosing rats were 
lightly anesthesized with ether and placed'on top of the 
gamma camera and taped on the detector surface to limit their 
movements. 
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8.3.3 Human volunteer study 
The study group consisted of five healthy volunteers (3 
males-and 2 females) who had not been introduced to xylitol 
before the study. Written consent was obtained from each of 
the volunteers. 
After an overnight fast (12 hours)'the volunteers were 
placed, on two occasions, in a-sitting position in front of 
the gamma camera. A test solution containing either 30 g of 
glucose or 30 g of xylitol mixed with 100 }. iCi of the isotope 
(total volume of the drink 200 ml) was served. The test 
solutions were taken three weeks apart in random order and 
were consumed within two minutes. From the moment of ingestion 
gastric emptying was measured for 60 minutes. After the 60 
minute period a static-picture on the whole gastrointestinal 
system was taken with the subjects in a standing position in 
the front of the camera: This'picture was taken to' describe 
, the intestinal transit of-"the'marker. 
8.4 RESULTS 
Gastric emptying in Sprague Dawley'rats after xylitol 
administration was significantly faster than after glucose 
(figure 8.1. and 8.2. ). However, when the rats were adapted to 
xylitol gastric emptying rates returned to normal. The animals 
dosed with xylitol without prior adaptation suffered from 
transient diarrhoea after the experiment. 
Figure 8.3. compares the rates of gastric emptying in 
one volunteer after glucose and after xylitol. The 
corresponding mean biological half-lives (mean 
± SEM) for all 
the ' subjects" were. 39.8±3.4 minutes for glucose and 77.5+4.6 
minutes for xylitol. Individual values and curve fitting data 
.i. `i, e transit of the label from stomach into duodenum In 
('()ntrol rats after an oral dose of either 1.2 g xy. l i tol/kg 
body weight (left) or 1.2 g glucose/kg body weight (right). 
Both doses were mixed with 25 uCi of 
sir' Technetium-tin 
colloid and administered via gastr iot,, ravage. Picture 
taken right after dosing and picture if 60 minutes let, 
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Figure 8.2. Mean percentage of the label-remaining in the 
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are summarized in table 8.1. All gastric emptying curves but 
one fitted a monoexponential curve well. 
Figure 
. 
8.4. compares gastric emptying and intestinal 
transit of radioactivity in one of the volunteers 60 minutes 
after the ingestion of samples. The photographs shown are 
static. pictures of the whole lower gastrointestinal tract with 
the subject in a'standing position. The intestinal transit 
. after xylitol 
ingestion appeared to be significantly faster 
than after glucose ingestion. Sixty minutes after xylitol 
ingestion part of the activity had clearly reached the most 
distal parts of the colon and could be detected in the faeces. 
Three of the volunteers receiving xylitol had diarrhoea 
immediately after being released from the gamma camera. No 
untoward effects were observed after glucose ingestion. 
8.5 DISCUSSION 
In human volunteers the effect of xylitollon gastric 
emptying was quite the reversed of what had been expected. 
The biological half-times for gastric emptying (table 8.1. ) 
indicate that'gastric emptying was significantly slower after 
a drink containing 30 g of xylitol when compared. to a drink 
containing 30 g of glucose (t <0.01). However, as can be seen 
in figure 8.3. the first xylitol dose reaching the small 
intestine initially appears to pass through the intestinal 
system down to the distal colon and rectum. 
Three of the volunteers had symptoms of diarrhoea 60 to 
70 minutes after xylitol intake and all of those 
xylitol 
showed a similarly fast intestinal transit in 
the static 
pictures taken at the conclusion of the test. -However, 
eventhough large amounts of xylitol remained 
in the stomach 
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an oral do-f of >u g of glucoUe (4ý, ) ol" >;, t7 oI.. i Cui 
( 4h) in mon . Glucose and xy1 
i tol were mixed with 'Pc tin 
^ý,! ýýi- ( h(; i) in 20O ml of double di. stilled writer. 
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during the study diarrhoea. was of transient nature and no 
symptoms were observed two to three hours after the study. 
Therefore, it appears that diarrhoea was partly due to the 
sudden osmotic effects of concentrated xylitol solution 
entering the gastrointestinal tract. However, an equally 
concentrated glucose solution. entering the gastrointestinal 
tract faster than xylitol did not appear to increase 
intestinal motility or peristalsis. 
Glucose ingestion resulted in faster gastric emptying 
when compared with xylitol ingestion, but the passage of the 
label in the small intestine was slower after glucose. During 
the study the activity only reached the ileocaecal junction 
(figure 8.4. ). 
In general, the half-life for gastric emptying after 
glucose (39.8±3.4 min) in this experiment was in excellent 
agreement with'the results reported by other workers for 
similar amounts of glucose. Usually half-lives between 30 and 
45 minutes for glucose have been observed (Gordon et al. 
1980). Our time/activity curves are also very similar to 
published data for glucose (Gordon et al. 1980). The 
available data suggests that gastric emptying after oral 
glucose may be regulated by the rate of absorption of 
glucose and by the resulting changes in blood glucose and 
plasma insulin (Fisher and Phaosawasdi. 1980). To my 
knowledge, no previous data have been published on gastric 
emtpying after oral, xylitol in humans, However, many workers 
have indicated, gastrointestinal discomfort and diarrhoea 
after large-oral doses of xylitol (Förster 1978; Mäkinen and 
Scheinin 1975; Asano et al. 1972). 
In rats the results were completely the opposite to 
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those observed in humans (figure 8.1. ). Xylitol ingestion 
resulted-in significantly faster gastric emtpying in control 
animals than did glucose. However, adaptation to dietary 
xylitol resulted in half-lives for gastric emptying that were 
almost identical for glucose and xylitol. The faster gastric 
emptying rate in non-adapted rats may partly explain the 
diarrhoea and caecal enlargement observed in non-adapted 
rats fed xylitol. Thus, in rats the diarrhoea is at least 
partly due to osmotic effects. It is difficult to understand 
how adaptation to dietary xylitol changes gastric emtp yang 
rate. One mechanism might be the change observed in gastric 
acid secretion in connection with mannitol ingestion 
(O'Dorisio et al. 1978) and which may be mediated by one or 
more of the gastrointestinal hormones. 
The rate of transfer of contents from the stomach into 
the duodenum depends on the physical and chemical composition 
of the gastric contents. Solids, lipids and solutions that 
deviate markedly from isotonicity all empty at a slower rate 
than near isotonic saline solution (Johnson 1981). 
Reviewing the literature, Hunt and Stubbs (1975) 
concluded that in normal persons the greater the nutritive 
density of a meal, the less is the volume transferred to the 
duodenum. However, the nutritive density of the solutions 
used in the present series of experiments was the same for 
glucose and xylitol and therefore other mechanisms must have 
been responsible for the observed effects. As indicated 
earlier, many of the substances which inhibit gastric emptying 
also release one or more gastrointestinal hormones. It is 
tempting to speculate that xylitol might inhibit gastric 
emptying by releasing hormones, but at this time there is not 
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enough information to back up such a suggested relationship. 
It is just as likely that neural receptors regulate gastric 
emptying. 
In conclusion, the results suggest that adaptation of 
rats to dietary xylitol causes adaptive changes in the rate 
of gastric emptying and these changes may be connected with 
other xylitol induced effects, such as caecal enlargement. 
In human volunteers oral xylitol decreases gastric 
emptying but increases intestinal motility and peristalsis. 
Since the osmotic effect of xylitol appears to be small due' 
to reduced gastric emptying other mechanisms are probably 
involved in increasing intestinal motility. Differences in 
the gastrointestinal behaviour. between xylitol and glucose 
may explain the discomfort and transient diarrhoea observed 
after oral xylitol, but not after glucose intake. The 
relation of this phenomenon to other xylitol induced effects 
will be discussed in the next chapter. 
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CHAPTER IX 
FINAL DISCUSSION 
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The work described in this thesis, was designed to 
investigate the biological and toxicological effects of xylitol 
in experimental animals and humans. The most significant 
findings were observed in connection with adaptation to high 
doses of, dietary xylitol. There was also a striking similarity 
of the observed effects in animals and man. 
It'is well known that xylitol and other polyols can give 
riseto'diarrhoea when taken orally in large quantities. 
However, it was observed that independent of strain and 
species all rats and mice used during these studies were able 
to adapt to 20 % xylitol in the diet; the highest dose used. 
Also, most human volunteers were able to tolerate up to 30 g 
of 'xylitol as a single dose without problems. Without prior 
adaptation all animals fed a 20 % xylitol diet developed a 
massive' diarrhoea which was of transient nature and 
disappeared when xylitol feeding was discontinued. 
Xylitol induced diarrhoea has mostly been described as 
osmotic diarrhoea (Förster 1978, N kinen 1978) with water being 
attracted by the presence of poorly absorbed osmotically active 
substances in the gut lumen. For xylito1 the threshold value 
at which diarrhoea is induced has been thought to 
lie much 
higher than for other polyols since it has been thought that 
intestinal bacteria lack the ability to decompose xylitol 
(Förster 1978). 'The present study indicates, however, that 
xylitol causes major changes in the composition of the gut 
microflora both in experimental animals and man. Firstly, when 
diarrhoea occurred, the gram positive bacteria disappeared, 
from the caecum and faeces of rodents and also started to 
disappear from the faeces of humans. - No significant changes 
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were observed in the total numbers of aerobic and anaerobic 
bacteria in the faeces. When the symptoms of diarrhoea gradually 
started easing there was a simultaneous gradual increase of 
the proportion of Gram positive bacteria in the faeces. This 
phenomenon was observed in all experimental animals and also 
in humans after a single oral, dose of xylitol. Animal 
experiments also indicated that there was a marked increase in 
the ability of caecal and faecal microflora preparations, 
from xylitol adapted animals in vitro, to utilise xylitol as 
the sole carbon source. This increased ability was only 
observed under anaerobic conditions. Some utilisation of 
xylitol' by microbes appeared' to occur in non adapted animals 
since xylitol feeding resulted in considerable gas formation-- 
in the intestinal tract contributing to the caecal enlargement 
observed in both rats and mice not adapted to xylitol. Since 
two strains of rats and mice were able to adapt to 20 % 
dietary xylitol it appears that the results reported by Wekell 
et al. (1980) suggesting that adaptation to xylitol was not 
observed in Sprague Dawley rats have to be due to dietary 
factors other than xylitol. The present work has clearly 
demonstrated that adaptation occurs in Sprague Dawley and 
Wistar'rats and also in CD-1 mice and NMRI mice. Anaerobic, 
gram positive bacteria of the intestinal tract appear to be 
involved with the adaptation. . 
Förster (1978) suggested that xylitol preparations in 
liquid form are significantly stronger in producing osmotic 
diarrhoea than when xylitol is given with solid foods. He 
proposed that emptying of the stomach is slowed down by 
I 
substantial meals and, therefore, smaller amounts'of xylitol 
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reach the small intestine. This was thought to lead to reduced 
osmotically induced stimulation of peristalsis. The results 
described in this thesis appear to contradict the suggested 
mechanisms. Gastric emptying in humans was significantly 
reduced after a drink containing xylitol when compared to a 
glucose drink. However, the small amount of xylitol reaching 
the small intestine passed through the whole lower 
gastrointestinal tract in 60-80 minutes. Glucose, which 
entered the small intestine initially in larger amounts only 
reached the region of the ileocaecal junction in 80 minutes' 
time. Hormonal studies indicated a marked elevation in motilin 
secretion. following a 30 g oral xylitol drink. A similar 
glucose drink was followed by a decrease in motilin secretion. 
The results seem to indicate that gastric emptying is reduced 
after oral xylitol intake and thereby the osmotic load by 
xylitol is probably very minor in the small intestine. In 
fact, the osmotic load is probably-much higher after a 30 g 
drink containing glucose than after a similar drink containing 
xylitol. Therefore, instead of osmotically induced peristalsis 
a more potent factor, in the form of motilin secretion, may 
be at least partly causative for xylitol induced 
diarrhoea. 
venthough these differences in gastrointestinal 
behaviour 
may explain the discomfort and transient diarrhoea often 
observed after oral xylitol intake, but not after glucose, the 
mechanism behind the effect remains to be elucidated. 
It was 
also of interest to observe that in rats gastric emptying 
after xylitol dosing was significantly increased in animals 
not introduced to xylitol earlier. When adaptation occurred 
gastric emptying was also normalised. Therefore, in contrast 
to man xylitol induced diarrhoea in rats may be of osmotic 
nature. 
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The-major problem indicated by the long-term 
carcinogenicity studies of xylitol in mice was the increased 
incidence of urinary bladder calculi associated with 
hyperplasia, metaplasia and neoplasia of the transitional 
epithelium of the urinary bladder. These findings were 
observed. in male mice receiving 10 or 20 % xylitol in the 
diet whilst no similar effects were seen, in the females (2, 
10 or 20 % xylitol in the diet) or in the males on a2% 
xylitol diet (Hunter et al. 1978 a). Long-term xylitol feeding 
studies in rats or dogs did not reveal any changes in the 
urinary bladder (Hunter et al. 1978 b, Heywood et al. 1978). 
The present work, which was designed to study the mechanism 
of-oxalate stone formation in connection with xylitol feeding, 
indicated that the intestinal absorption and urinary excretion 
of dietary oxalate may vary considerably in experimental animals, 
In rats increased absorption of 
140 labeled oxalic acid 
was observed only during xylitol induced diarrhoea. It was 
noted that various carbohydrates other than xylitol may 
significantly modify the absorption of dietary oxalic acid by 
altering either the intestinal absorption per se or the 
metabolism of'oxalic acid by intestinal bacteria. Long-term 
xylitol feeding was shown to increase urinary calcium 
excretion in rats. 'A similar increased calcium excretion 
has been ; reported in mice (Shalk and Writh 1973). Oxalic acid 
excretion was not affected in xylitol-fed rats and the 
absorption and excretion of labeled oxalic acid was not 
increased in xylitol adapted rats. Similarly, no increases 
in the urinary oxalate excretion were observed in rats during 
long termxxylitol feeding studies (Hunter et al. 1.978 b). 
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In man, urinary excretion of oxalic acid remained 
unchanged, after -a single oral dose of 30 g of xylitol. Other 
recent studies have also indicated that dietary xylitol does 
not alter urinary oxalate or calcium excretion in humans 
(Förster 1981). 
In mice a notable difference was observed in the 
absorption and excretion of labeled oxalic acid when compared 
to rats. Administration of U14C-oxalic acid with xylitol to 
xylitol-adapted mice significantly increased the urinary 
excretion of the label which was mainly found to be in the 
form of oxalic acid. The increase was observed in both male 
and female mice of °two different strains (CD-1 and NNRI mice), 
but was even more pronounced in the female mice. The 
increased absorption of dietary oxalate may predispose 
xylitol treated mice to oversaturation of urine with oxalic 
acid and should be considered in connection with increasing 
urinary calcium excretion reported by Shalk and Writh (1973). 
Thus, the urine of xylitol treated mice may be oversaturated 
with calcium and oxalate leading to calcium oxalate stone 
formation. This finding offers a likely explanation of the 
observed increase in bladder calculi in male mice 
treated 
with 10 or 20 %ö dietary xylitol. An additional factor 
contributing to the occurrence of bladder calculi in male 
mice only is the length of the urethra which may 
favour 
oxalate precipitation in the bladder. 
No definite. indication of the mechanism of increased 
oxalate absorption was obtained. Possible mechanisms include 
complex-formation of oxalic acid with xylitol, which might 
also occur with other polyols, and an adaptive mechanism for 
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oxalic acid absorption observed only in mice and not in rats 
or humans. Eventhough the increased absorption and urinary 
excretion of dietary oxalic acid offers an explanation of 
bladder calculi formation also other mechanisms may be 
involved. A possible hypothesis is that xylitol as well as 
other. carbohydrates contribute to endogenous oxalate 
production thus increasing urinary oxalate excretion. 
Studies in human volunteers indicated that xylitol does 
not have insulinotrophic properties in man. Also, the 
secretion of gastric inhibitory polypeptide (GIP) was not 
increased after oral xylitol in man. GIP secretion was not 
stimulated by xylitol when given to rats not adapted to 
xylitol or to rats adapted to 20 % dietary xylitol. These 
results indicate'that xylitol may be suitable as a sugar 
substitute for diabetic diets providing its energy content 
is taken into account. It is also-apparent that eventhough 
an absorptive adaptation occurs when large doses of xylitol 
are consumed over prolonged periods it appears not to be 
associated with the induction of an active transport system 
at least in-so far as GIP stimulation is concerned. 
In conclusion, this study has demonstrated that xylitol 
is not teratogenic in mice nor does it produce any 
significant toxic reactions in rats when fed for 6 months at 
20 % dietary levels. All breeds and types of-animals utilised 
were shown to be able to adapt to high xylitol doses, but the 
mechanism of adaptation remains unclear. Intestinal bacteria 
are likely to play a role in the adaptation phenomenon, but 
clearly more detailed studies are needed to identify the 
bacteria' involved and to find out whether these changep can 
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be detrimental to the host. At the same time other 
carbohydrates and sweeteners should be studied for similar 
changes. Other possible mechanisms that may be involved with 
adaptation include alterations in gastric emptying rate and 
changes in the secretion of gastrointestinal hormones. In 
addition to the effects of xylitol on the secretion of insulin, 
GIP and motilin little is known about the effects on other 
gastrointestinal hormones. 
The observed effects of xylitol on the absorption and 
excretion of oxalic acid offer an explanation on the reported 
oxalate stone formation in male mice. However, more wodk 
is needed to clarify the mechanism behind the increased 
absorption of 'dietary oxalate and the sex differences of 
oxalic acid absorption in mice. 
In connection with the long term toxicity studies and 
other toxicological data the results of the present work 
suggest that consumption of small amounts of xylitol, for 
example in chewing gum and sticky candies, is acceptable. In 
such, products the non-cariogenic properties of xylitol can 
be best utilised. However, greater substitution of sucrose 
. for xylitol 
in the normal diet should not be pursued before 
clarification of the remaining research needs. 
f 
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APPENDIX 
Table 1. Chemical composition of the diets 
(A = Powdered Diet for Rodents, Lab. Diet 2, 
Spratt's Laboratory Services, B= Astra twos R 3) 
A 
Chemical Composition 
Moisture %8 
Ether Extract % 4.5 
Crude Protein % 21.5 
Crude Fibre % 2.7 
Vitamin and Mineral Composition 
Calcium % 
Phosphorus 
Vitamin A i. u. /kg 
Vitamin D, i. u. /kg 
Aiphatocopherol i. u. /kg 
Riboflavin mg/kg 
Pyridoxine mg/kg (added) 
Pantothenic Acid mg/kg 
Nicotinic Acid mg/kg 
Choline Chloride mg/kg (added) 
Cyanocobalamin mcg/kg 
Manganese mg/kg 
Iron mg/kg 
Iodine mg/kg 
Copper mg/kg 
Zinc mg/kg 
Cobalt mg/kg 
0.9 
0.8 
11000 
1200 
24 
7 
1 
17 
80 
450 
15 
65 
100 
0.5 
20 
40 
1 
B 
11.5 
5.9 
24.5 
3.3 
1.2 
1.0 
12000 
1500 
20- 
12 
5 
10 
40 
1000 
12 
50 
55 
1.4 
13.0 
50 
0.4 
